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1. TINTRODUCTION

Oak Ridge National Laboratory (ORNL) is a principle Department of
Energy (DOE) Research Institution operated by the Union Carbide Corpor-
ation - Nuclear Division (UCC-ND) under direction of the DOE Oak Ridge
Operations Office (DOE-ORO). The Laboratory was established in east

. Tennessee, near what is now the city of Oak Ridge, in the mid 1940s as

a part of the World War II effort to develop a nuclear weapon. Since
its inception, disposal of radioactively contaminated materials, both
solid and 1liquid, has been an integral part of Laboratory operations.

Through the years, a total of six geographical areas within the
Laboratory have been used for the disposal or storage of radioactive
solid waste. These designated areas, known as Solid Waste Storage
Areas (SWSA), and numbered sequentially one to six, contain a total of
nearly 2 x 10° w3 of buried or stored solid waste (through FY-81).
Most of the waste has been disposed of by a simple cut and fill trench
burial technique. A small fraction of the wastes, primarily those
contaminated with transuranic elements and/or those exhibiting a high
beta-gamma radiation background, are buried either in auger holes and
concrete casks, or are placed in stainless steel drums or wells in
retrievable waste storage facilities.

Selection of early SWSA sites was initially based on convenience
and security considerations with little regard for soil properties or
potential for radionuclide migration within the storage area. Ease of
excavation, proximity to the waste generation facilities, and other
operational factors were the initial determining consideratioms. Little
or no data existed on which to evaluate the future performance of a
potential site. However, around 1950, geologic and hydrologic studies
were initiated which led to a more scientific method of site selection.
It was realized, in particular, that areas underlain by conasauga shale
formations make superior sites for shallow underground storage, not only

because the shale i{s easily excavated, but because the ion exchange

properties of the native material inhibit the migration of certain water
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soluble nuclides through the soil. The two most recent ORNL SWSAs have
been sited in areas of abundant conasauga shale to take advantage of
these properties.

Most of the waste contained in the ORNL SWSAs have been generated
by ORNL or one of the other Union Carbide facilities (Y-12 Plant and
the Oak Ridge Gaseous Diffusion Plant) located in the Oak Ridge area.

However, during the period from 1955 to 1963 the Laboratory's SWSAs
were designated by the Atomic Energy Commission as the Southern

Regional Burial Ground. During this period approximately 3 x 104 o3 of
solid waste were disposed of from off-site sources. The ORNL SWSAs

continue to be used on occasion, at the discretion of DOE, for disposal

of off-site generated waste from other government agencies or govern-

ment subcontractor sources, but this amounts to a very small fraction
of curreant disposals.

The purpose of this document is to provide a detailed description

of the ORNL Solid Waste Storage Areas, to describe the practice and
procedure of their operation, and to address the health and safety

impacts and concerns of that operation.
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2. SUMMARY SAFETY ANALYSIS

This section provides a brief overview and summary of the major
safety considerations of Solid Waste Storage Area management. Further
details regarding the statements and conclusions in this summary may be
found in the Accident Analysis, Section 5.

2.1 RADIATION SAFETY

Radiation exposures are minimized in solid waste operations pri-
marily through control of the radiation level of the waste package. As
a general gzuideline, solid waste packages are administratively limited
to 200 mrem/h or less at the surface of the package. ORNL Health
Physics Procedures require that, to the extent feasible, the genet&tor
provide adequate shielding of packages with radiation fields in excess
of 200 mrem/h to reduce the radiation level. The major exceptions to
this requirement are high radiation level waste in concrete casks or
shielded carriers which, due to the coanfiguration of the waste inside
the container, may have isolated areas which exceed 200 mrem/h at the
surface of the cask or carrier. These spots of high radiation field,
historically up to 1 rem/h, will be accepted if the majority of the
cask or carrier meets the 200 mrea/h guidelines and all feasible mea-
sures have been taken to reduce the levels. Areas such as these are
marked on the cask or carrier and all operations involving such dispo-
sals are monitored és necessary by Health Physics personhel. Disposals
of this type are considered nonroutine and are handled as such. Spe-
cial written procedures may be prepared if judged necessary for persoan-
nel protection.

General radwaste, which composes the bulk of the waste for dispo-
sal, is not handled'directly by disposal personnel except in the case
of compactible waste which is controlled to relatively low levels of
activity. Noncompactible waste is picked up in the dumpster by a spe-
cial truck, transported to the storage area in the dumpster, and then
emptied directly from the dumpster into the disposal trench. This

results in minimal radiation exposures to operations personnel.
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Compactible waste is contact handled in individual packages at the
Waste Compactor Facility. This is necessary since individual bhags of
waste must be introduced manually to the compactor chamber. During the
first year of compactor operation, personnel working in the facility
were required to wear special dosimetry monitors while carrying out
this operation. The results indicated, on the average, less than 3
nrem/operator/eight hour shift as a result of waste compactor operations.

SWSA operations personnel are routinely required to wear appropri-
ate radiation detection devices in addition to cegular dosimeter
(film—pack) badges. Pocket meters are read daily in accordance with
ORNL Health Physics Procedures and any unusual exposures are reported
to SWSA management. Any operations with potential exposures in excess
of the limitations in the Health Physics Procedure Hanual require a
radiation work permit, Procedure 3.6, in advance of initiation of the
work. Any necessary monitoring or protection indicated on the work
permit by the responsible Health Physics Surveyor will be followed. In
addition to daily support by Industrial Safety and Applied Health
Physics Personnel (ISAHP), all SWSA operations personnel have received
training in radiation protection and monitoring which includes prin-
ciples of radiation protection, use of radiation detection equipment,
and familarity with the Health Physics Procedure Manual.

Open trenches, auger holes, etc. in the storage area are maintaiaed
to a radiation level of 200 mrem/h or less at grade level. Any trench
or auger hole found to be in excess of this limit is backfilled until
the radiation level is less than 200 mrem/h. All completed and closed
trenches are backfilled until the maximum radiation level at the sur-
face is 2.5 mrem/h. Most trenches are much less than this limit after
backfilling to grade. Retrievable waste storage facilities have vary-
ing radiation fields due to the nature of the waste. Access to these
facilities i3 restricted and all applicable procedures and precautions
of the Health Physics Procedure Manual are followed when the facilities
are opened and/or entered by SWSA personnel. The staging facility,
Building 7823, contains a minimum number of stainless steel drums which
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are generally less than 200 mrem/h.and may be entered ds necessary to
place or remove drums. The general background level in the facility
varies depending on the quantity of drums in the facility; however,
operating experience has indicated that the levels are acceptable for
the required work. Access to the facility is restricted and work time
within the facility is minimized.

Numerous years of operating experience and monitoring have indi-
cated that the above restraints are adequate to maintain personnel

exposures as low as reasonably achievable.

2.2 TOXIC MATERIAL SAFETY

Toxic materials are not routinely disposed of in the ORNL SWSAs.
Bulk compressed gases, liquids, or other such materials are not
accepted for disposal except under sﬁecial conditions as described
below. Only dry solids are routinely accepted for disposal in the
SWSAs which limits the potential and hazards associated with toxic
materials.

Pyrophorics and other such hazardous solid materials must be iien-
tified by the generator and, {f accepted, are handled as a special dis-
posal. All phases of the disposal are completed with due repgard for the
hazardous nature of the material. The ORNL Environmental Coordinator
and/or the office of Operational Safety is notified of such iatentions
and is required to submit approval befora such action will be peraitted.
If necessary, special procedures are prepared for the operations.

Historically, little or no toxic materials have been identified in
ORNL solid radiocactive waste and no changes are anticipated in the
future. Special trenches in SWSA-6 have been used for disposal of
asbestos~containing materials but this {s generally non-radicactive

waste and is not a part of radioactive waste disposal operations.

2.3 CRITICALITY SAFETY

Criticality {s prevented by limiting the quantity of fissionable

material allowed in a given disposal container, trench, or facility

depending on the nature of the disposal. These limits for various




2-4

packages and containers are given in Table 7.1 of Section 7.2.2. Bulk
material containing less than 1 gram/ft3 of fissible isotopes may be
safaly stored with no special consideration for criticality. Fission-
able material in the above context 1s limited to the isotopes of 233U,
235U, and 23%u which comprise the majority of the fissionable material
in the storage areas. Other isotopes which may have different critical
masses are. handled as unique cases.

The above limits were established by the ORNL Criticality Commit-
tee, and any deviations from these limits must be approved in advance
by the Criticality Committee. It is the responsibility of the genera-
tor to ensure that any and all fissionable material is identified by
isotope and quantity before a package will be accepted for disposal.
Any future situation involving continued routine disposal of fissile
quantities not covered by the above limits would be reviewed by the
ORNL Criticality Committee with subsequent revision of the ORNL Heal;h

Physics Procedure Manual and the SWSA Operating Procedure Manual to
include those recommendations.

2.4 FIRE SAFETY

The existence of a significant fire hazard is minimized through
control of highly flammable materials in the solid waste and through
fire resistant packaging of the more hazardous waste. Highly flammable
materials such as certain organics or strong oxidizing agents are not
routinely disposed of as solid waste. TFlammable materials generally
present in solid waste consists of contaminated paper, wood, and other
items such as would be found in normal trash. Although combustible,
this material presents small potential for initiation of a fire through
explosion, chemical reaction, or spontaneous combustion. Any materials
which present this potential are identified by the generator, and would
be accepted only upon appropriate review and approval as described in
Section 2.2.

The zreatest portion of the flammable material is contained in the
low-lavel general radwaste. General radwaste is collected in standard

dumpsters which contain a volume of either 108 or 260 ft3. The material
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is then transported to the storage area and placed in a. trench which is
backfilled with soil when full. Any fire involving general radwaste
would involve only the amount of waste in a dumpster or the amount of
waste accumulated in a given trench. The relatively low specific acti-
vity of this waste ensures that only a small quantity of radionuclides
would be involved in any fire of this type (see Appendix A).

Higher activity waste or transuranic waste is packaged in stainless
steel drums or canisters, concrete casks, or other types of shielded
containers which although designed primarily for containment and radia-
tion shielding are also relatively fire resistant. The steel drums and
concrete casks are currently placed in cellular storage buildings. The
packaging of the waste practically eliminates all conceivable sources
for a fire plus the unavailability of oxygen inside the container would
extinguish any fire which could be ignited. In the unlikely event a
fire did occur in the waste, it would be limited to the amount of waste
within a given cell of a storage facility. Additionally, most higher
level waste consists of contaminated equipment or other similar waste
which has little or no combustibility.

In the event a fire does occur, the ORNL Fire Department would be
notified immediately. ORNL Fire Department personnel are trained in
the proper methods of handling fires involving radiocactive material. A
Health Physics Surveyor would also respond to the fire along with other
members of the Emergency Crew to assist in any radiation or contamina-
tion probleas. When the fire is extinguished, the area near the fire
would be surveyed for contamination and clean-up procedures or decon-

tamination nmeasures would be initiated, as necessary.

2.5 EXPLOSION AND HIGH PRESSURE SAFETY

Explosion and high pressure safety is not a significant considera-
tion ia SWSA operations. As outlined in the section above, no material
capable of chemical or flammable explosions is routinely accepted for
disposal. No compressed gases or other high pressure sources are rou-
tinely accepted for disposal, and no high pressure equipment outside

the realm of ordinary industrial safety is utilized in SWSA operations.
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2.6 NATURAL PHENOMENA CONSIDERATIONS

Natural phenomena do not present a significant potential for
release of radionuclides from the storage areas. All the storage areas
except a small peripheral area of SWSA-6 and SWSA-1 are above the ele-
vation of the maximum probable flood plane and thus would not be sub-
ject to flood damage. Buried waste is relatively immune to all types
of natural phenomena with two minor exceptions. An earthquake could
open a fissure actﬁss a waste trench and expose the waste therein.

Some of this waste could be scattered around the immediate area and
would require radiatfon survey and cleanup. A tornado passing over a
partially filled trench could remove waste from the trench and redepo-
sit it some distance away from the treanch. In both these cases, the
environmental impact would be minimal due to the low specific activity
of the waste. 1In the case of the earthquake, the contamination would
most likely be local and could be cleaned up. The tornado scenario is
not a major considéracion due to the extremely low potential for a tor-
nado in the vicinity of ORNL.

The retrievable storage facilities containing the transuranic
wagte are designed and built for local earthquake and tornado resis-
tance. The buried concrete casks would not be susceptible to tornado
damage since they are below grade and would not likely be damaged by an

earthquake due to their coastruction of reinforced concrete.
2.7 CONCLUSIONS

This report illustrates that the operation of the Solid Waste
Storage Areas at the Oak Ridge National Laboratory presents no signifi-
cant hazard to the public, the environment, nor, as the record shows,
has it resulted in any significant safety hazard to the personnel
involved in SWSA operations.

Numerous programs are In process at the Laboratory to ensure that
Solid Waste Storage Areas will continue to operate in a safe and
acceptable manner. Seepage from the storage areas is monitored and
researched by the ORNL Environmental Sciences Division using the

Streamflow Monitoring System and the SWSA groundwater monitoring system.
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3. SITE CHARACTERIZATION

3.1 SITE LOCATION AND LAYOUT

The ORNL Solid Waste Storage Areas and associated facilities are
located within the confines of the Oak Ridge National Laboratory.

The Laboratory consists of a central administrative and research
complex comprising many of the ORNL's primary facilities. Several out-
lying areas contain special facilities such as the High Flux Isotope
Reactor and the Tower Shielding Facility in addition to the Solid Waste
Storage Areas and other waste disposal facilities. Figure 3.1 is a
topographical map showing the central Laboratory and each of the Solid
Waste Storage Areas and burial grounds.1

The central Laboratory area is located in Bethel Valley between
Chestnut Ridge and Haw Ridge at an elevation of approximately 244 m
(800 ft). Bethel Valley Road passes around the perimeter of the central
Labhoratory and provides the primary route in and out of the Laboratory
complex. The central Laboratory is divided into geographical sections
nunbered sequentially from 1,000 to 7,000. The 1,000 area is located
at the west end of the complex with the eastern portion being the 7,000
area. Buildiag numbers are assigned in accordance with this systen.

Three of the Solid Waste Storage Areas, SWSA-1, -2, and -3, are
located in Bethel Valley adjacent to the Laboratory complex. The
remaining three storage areas, SWSA-4, -5, and -6 are located in Melton
Valley on the opposite (south) side of Haw Ridge. Primary access to
these latter areas is Lagoon Road and Melton Valley Drive, which passes
through a gap in Haw Ridge at the west end of the central Laboratory
(Fig. 3.2).

Additional {nformation on the site description may be found in the
ORNL site generic documenc.2
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4. FACILITY AND PROCESS DESCRIPTION

4.1 CHARACTERIZATION OF THE WASTE

4.1.1 Waste Sources

Solid waste disposal was initiated at ORNL primarily for the pur-
pose of disposing of internally generated contaminated waste; however,
as early as 1944, records indicate that waste was being received from
other organizations involved with the Manhattan project. Shipment of
waste in quantity to ORNL continued until, in the late 1950s and early
1960s, externally generated waste comprised on the order of one half of
all waste buried.

Currently, ORNL and other afffliated institutions and facilities
within the Oak Ridge Area such as the K~25 Gaseous Diffusion Plant, the
Y-12 Plant, Nak Ridge Associated Universities (ORAU), and the Compara-
tive Animal Research Laboratory (CARL) are the largest contributors to
the SWSAs. Infrequently, waste is still accepted from other off-site
generators but only by special arrangement with ORNL and the Department
of Energy.

Little information is available to identify the composition of the
early ORNL solid waste. Records are scarce, and the records which are
available supply little useful information due to the cloak of secrecy
which existed at that poiat in the Laboratory's history. One can assume
that the bulk of the waste was probably not significantly different from
the current heterogeneous mixture of items such as laboratory apparatus,
wiping materials, filter media, protective apparel, scrap metal and
wood, and miscellaneous equipment. Frequently, large volumes of struc-
tural materials such as wood and metal ffaming and siding and concrete
have been disposed of in the SWSAs. 1In other cases, larger pleces of
equipment such as tanks and even vehicles have been interred. 1In the
eérly years of operation, {t was not uncommon to receive containers of
liquid and sludge materials; but this practice was discontinued. In

more recent years, animal waste from biological research has alsoc been
added to the diversity.
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Activity of the buried waste is generally low but is difficult to
quantify particularly for the earlier waste. All common isctopes such
as uranium, thorium, strontium, cesium, plutonium, radium, and tritium

can be found in various quantities within the waste. The major excep-
tion to this is the waste accepted since October 1970 which contains
transuranic isotopes. Since that date, all waste defined as TRU waste
(currently >10 nCi/g) has been segregated an& placed in retrievable
storage facilities designed to allow future removal of the waste for
processing and shipment to a permanent repogitory. It has been estci-
mated that as of 1976, the total long-lived activity in the SWSAs is
less than 10,000 curies, exclusive of ttitium.6

4.1.2 Waste Types

The ORNL Solid Waste Management System defines the handling and
disposal of waste on the basis of several waste categories. Waste may
be categorized with respect to many parameters such as radionuclide con-
tent or physical composition of the host material. In SWSA operation,
however, it is convenient to categorize the waste in the manner in which
it is generated; i.e., ORNL generated waste, on-site generated waste, or
off-site generated waste; in the manner in which it is handled; i.e.,
routine and nonroutine waste; or on the basis of its radionuclide con-
tent and disposal methods; i.e., transuranic (TRU), fissile non-alpha
waste, or general radiocactive waste (radwaste). In some cases, each of
these categories may be further broken down on the basis of beta-gamma
radiation levels, on the basis of retrievable or nonretrievable storage,
and on the basis of compactability. Figure 4.1 1s a flow diagram of
ORNL solid waste disposal operations.

ORNL generated waste is that waste produced within the X-10 reser-
vation and, in some cases, external to X-10 if generated as a result of

ORNL programs. On=-site waste includes that waste generated in the Oak

Ridge Area which is not under the control of ORNL but is within the

Jurisdiction of DOE-ORO. Examples of on-site waste are waste generated

by the other Union Carbide Nuclear Division plants, K-25 and Y-12.
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Off-site waste is generated by other DOE contractors, licensees, or

Federal Contractors not in the Oak Ridge area and consequently not

under the authority of DOE-ORO. Off-site waste is accepted only

through mutual agreement with ORNL and DOE-ORO. No distinction is made
in the disposal method of either of these waste categories. The major
differences are in the transportation requirements for waste from out-
side ORNL and in the recovery of disposal costs. Both the on-site and
off-site generators are responsible for transportation of their waste
to ORNL and are charged for the cost of handling and disposing of the
material. Specific regponsibilities and practices for handling these
three types of waste will be discussed in Section 7.2, Operating
Practice and Procedure.

Any of the above three categories may be classified as routine or
nonroutine. Routine waste is defined as "those repetitive shipments of
waste for which procedures have been prepared and/or which meet package
content requirements and surface radiation limits or radiocactivity with
sufficient consistency that they represent no significant hazard in

handling/disposal/storage opetacions.”3 Most ORNL generated wastes fall
into this category and are handled in accordance with standard practices
and procedures.

Nonroutine waste is that waste which presents some unique problem
due to radionuclide content, shape, size, dose rate, etc. and cannot be
assured of proper handling under standard practices and procedures.

Each case of nonroutine waste requires special consideration and, ip
some cases, special procedures are required and/or safety committee
reviews are necessary prior to disposal of the waste.

All routine and nonroutine, ORNL, on-site, and off-site generated

waste is segregated, depending on the radionuclide conteant, into trans-

uranic waste, fissile waste, or radwaste. Transuranic waste, as defined

in DOE order 5820 (Manual Chapter 0511) is all waste contaminated above
a specified limit with isotopes of atomic number greater than uranium

(transuranic) and including the isotope 233U. The current specified

limit {s greater than 10 nCi/g for any of the transuranic isotopes.

This waste is generally fissile and contains long-lived alpha enitters.
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As mentioned previously, since October 1970 all transuranic waste
has been stored in special facilities to adequately contain the long-
lived isotopes and allow for the future removal of the waste if desired.
Only transuranic waste is placed in retrievable storage facilities and
thus transuranic waste and retrievable waste is synonymous. Frequently
this waste exhibits high beta-gamma radiation background levels and ade-
quate shielding must be provided during handliing, packaging, transport-
ing, and storing. Currently, most transuranic vaste is generated by
three facilities at ORNL, the Transuranium Research Laboratory (Building
5505), the 3019 Pilot Plant, and the Transuranium Processing Plant
(Building 7920). It should be observed that much of the waste generated
prior to October 1970 is also transuranic by the current definition;
however, no attempt was made to retrievably store this type waste prior
to that date.

Waste is classified as fissile when it contains either one gram or
more of nontransuranic fissionable isotopes or exceeds a concentration
of one gram of these isotopes per cubic foot of waste. (Transuranic
waste i3 also generally figsile but is not specifically identified as
such.) Most all fissile waste generated at ORNL is contaminated with
the (sotope 235y, Fissile waste is not required to be stored retriev-
ably as is the transuranic waste. The major concern with the fissile
waste is in maintaining a sufficiently low concentration of fissionable
material to prevent the possibility of criticality within the waste.

. The fissile waste is buried, nonretrievably, in unlined auger holes
with due regard for both the specific concentration of fissile isotopes
in the waste and also the total quantity of fissile material in a given
auger hole. Waste containing one gram or more of fissile material but
whose physical size prevents burial in a standard auger hole may be
handled in one of two ways. If the fissile concentration of the waste
is less than or equal to one gram per cubic foot, the waste may be dis-
posed of in a trench with normal radwaste. If the fissile concentration
1s greater than one gram per cubic foot, the auger hole concept will be

applied by excavating a hole large enough to accommodate the waste and
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following the procedur=2s for auger hole disposal. In both cases, the
waste would be treated as nonroutine waste and would be subject to spe-
cial procedures and/or committee reviews.

General radiocactive waste, or radwaste, is basically any waste
which is not categorized as transuranic or fissile waste. General
radwaste will contain varying amounts of beta-gamma emitting isotopes
and possibly small amounts of nonfissionable alpha activity such as
238y, Radwaste is defined as low-level radwaste or high—level radwaste
on the basis of its beta-gamma radiation background. Low-level rad—
waste exhibits a radiation level of 200 mrem/h or less at the surface
of the unshielded package or container. High—level radwaste exhibits
greater than 200 mrem/h at the surface of the unshielded container.
Low~level radwaste is generally disposed of in trenches and high-level
radwaste {s generally disposed of in unlined auger holes with increased
consideration for radiation exposure during transport and disposal. In
some cases, high-level radwaste may be categorized as nonroutine waste
and external shielding or a shielded carrier may be required.

Low-level radwaste is further segregated into compactible and non-
compactible waste. Compactible waste 1s dry waste consisting of basi-
cally compressible materials such as plastic bags and plastic bottles,
paper, rubber and cloth gloves, shoe covers, or rags. Noncompactible
waste i{s either slightly wet waste such as mop heads or rigid structural
materials such as wood, pipe, metal angle and frames, or heavy glass
bottles and containers. Wastes which are considered compactible are
separated at the point of origin by the generator and sent to the Waste
Compactor Facility for volume reduction before disposal. Only low-level
radwaste is compacted at the compactor facility. Transuranic waste,
fissile waste, or high—-level radwaste are never compacted prior to
disposal.

Some solid waste which has no measurable contamination as deter-
mined by radiation survey but is judged by the generator to have con-
tamination potential due to its history is classified as low-hazard

contaminated waste. Most low-hazard contaminated waste consists of
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construction debris or processing equipment or machinery. This low-
hazard material is generally disposed of by normal commercial solid
waste landfill techniques in designated areas of the SWSAs.
Combinations of the above categories occur frequently in SWSA
operation. For example, transuranic waste may be fissile; or fissile
wvagste may be largely beta-gamma radwaste. Mixed waste is always han-
dled with regard to the most seansitive component which it contains.
For example, all transuranic waste will be stored retrievably regard-
less of the remainder of the composition. All waste containing greater
than one gram total or one gram per cubic foot of fissile material will
be stored as fissile waste unless the waste also contains transuranics,
in which case it would be stored in a retrievable facility with due con-
sideration for the criticality problem. Only waste not exceeding the
specified limits for both transuranic and fissile waste would be handled

as general radioactive waste.

4.1.3 Waste Collection and Packaging

Waste collection and packaging prior to transport for disposal 1is
primarily the responsibility of the waste generator. The generator col-
lects the waste, completes radiation surveys as necessary, segregates
the waste in accordance with the previously discussed categories, com-
pletes any necessary decontamination, and finally packages the waste in
an appropriate and acceptable form for disposal. Industrial Safety and
Applied Health Physics personnel are responsible for radiatiom surveys
and for spot verification of appropriate waste segregation and packag-
ing. When these steps have been completed, SWSA personnel will pick up
and assume responsibility for the waste either by specific request from
the generator or by routine scheduled pickup. SWSA personnel transports
the package to the SWSA and disposes of the waste in the appropriate

manner. The detailed responsibility and procedure for these operations
will be discussed in further detail in Section 7.
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Rigid procedures have been developed for the packaging of solid

‘ ;raste. The ORNL Health Physics Procedure Manual, Chapter 5.1, lists
acceptable containers to be used for each waste category (Table 4.1).
Waste received at the storage areas which has not been properly pack-
aged will be returned to the generator for repackaging. In addition to
proper packaging and segregation, the waste must also be accompanied by
certain forms supplying necessary information for ORNL SWSA records.
The required forms indicated in Table 4.1 are discussed in detail in
Section 7.

Low-level radwaste is normally disposed of in conventional waste
can type containers designated by appropriate marking for contaminated
waste (Fig. 4.2). These containers, sometimes known as “"hot cans,” are

lined with plagtic bags to facilitate emptying and to protect the con-
tainer interior against contamination. Compactible and noncompactible
waste 1s placed in separate containers. When the container is full or
i3 determined by the area supervisor to be ready for removal, the bhag
is securely closed and placed in a-collection dumpster. I1f the con-
. tainer holds compactible waste, it is closed and tagged to show date,
source (building and room number), principle radioisotopes present, any
special hazards, and the originator. The container is then reused by
inserting a new plastic bag. Periodic checks by Health Physics person~
nel ensure that the container remains below acceptable contamination

levels. 1If the container does become contaminated above the acceptable

limits, it is either cleaned or disposed of.
In some cases, it may be necessary or desirable to place low-level
waste in disposable containers (Fig. 4.3). Disposable containers are

normally used for materials containing higher levels of activity or
heavy or sharp objects which could puncture plastic bags. These con-

tainers are available from ORNL stores in various capacities from 1 to
20 gallons.

Waste placed in these containers is normally removed from
the work area as soon as possible.
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All sorting of compactible and noncompactible waste is accom-
plished by the generator at the time of packaging. Table 4.2 gives
some examples of compactible and noncompactible waste and the accept-
able container types for each. Compactible waste is normally packaged
in plastic bags, but other containers may be acceptable as long as the
container itself {s also easily compactible.

‘Locked waste collection dumpsters (yellow - Fig. 4.4) are provided
in most areas for collection of low-level waste packages. Separate
dumpsters are provided for compactible and noncompactible waste. All
wastes are packaged in one of the container types mentioned above prior
to being placed in a dumpster. All compactible waste packages are
tagged and the dumpsters are kept locked. The local Health Physics
Surveyor holds the key to the locked dumpsters and observes transfers
into the dumpsters. If dumpsters are not available in a particular
area, special arrangements will be made by SWSA personnel to collect
the waste. A special truck periodically picks up the dumpsters and
transports them to the SWSA ﬁhere the waste is either dumped into a
trench or removed and compacted. The dumpster is then returned to its
original location.

General high-level radioactive waste is packaged in a manner
which provides sufficient shielding for transport to the SWSA. Most
high-level radwaste is generated in hot cells or other special control
areas. Arrangements are made to provide proper shielding before the
material is removed from the controlled area. Bottom discharge carriers
(Fig. 4.5) are normally used to transport high-level radwaste. If a
shielded carrier is used, the waste is packaged in another container
(Fig. 4.3) before being placed in the carrier. The carrier is then

transported to the SWSA and the container holding the waste 1s lowered
by an attached wire or cable into the storage hole or trench.
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Table 4.2. Examples of compactible and noncompactible
contaminated waste and acceptable containers

Compactible waste Noncompactible waste
Radiation reading <200 mrem/h at Radiation reading <200 mrem/h at
surface of individual package surface of outer container
(bag, carton, bucket, etc.) dumpster, garbage can, other)

used to transfer waste to SWSA

Container must be compactible: Container must be suitable for
plastic bags, plastic buckets, transfer of the material from
paperboard ice cream cartons, the generating point to the
lard cans, and other thin metal burial trench without spillage
caas or spread of contamination:

plastic, fiber carton, metal
Gl cans, yellow dumpster, “hot
truck™ (by arrangement), etc.

Container size:
Max. 20 in. x 20 in. x 36 in.

Container must be closed (example:
plastic bag taped shut) to pre-
vent spillage during transport to
and transfer into the compactor

Waste must be dry = contain no

liquid

Examples - Compactible waste Examples - Noncompactible waste
Plastic bags and sheets Any wet materials
Paper, blotter paper Wet mop heads, wet wipes
Glass bottles <50 ml (no liquids) Acid bottles
Rubber gloves, shoe covers Any glass containers >50 ml
Plastic bottles (no liquids) Angle iron, piping >6 in. long
Cardboard-frame dust-stop filters Files, other tools >6 in. long
Glass container <50 ml Metal frame filters

Wood >6 in. long
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In some cases involving more routine generation of high-level rad-
waste, lead shielded dumpsters (Fig. 4.6) are used for temporary storage
and transport of the waste. Shielded transport trucks may also be used
for high-level waste transportation if the situation requires them (Fig.
4.7). High-level radwaste is not compacted; and therefore, segregation
is not required.

All waste from glove boxes and hot cells where work is being done
on pure beta emitters are defined as high-level radwaste due to the dif-
ficulty of detection. For these wastes, double packaging is required to
prevent the possibility of a container rupture during transport to the
SWSA. These wastes also are not considered for compaction but go
straight to burial.

The requirement for the retrievability of all currently generated
transuranic waste places special restrictions on the packaging of the
waste. There are three basic types of containers used for transuranic
waste with the selection among the three based on the radiation level
of the particular waste. The three containers are stainless steel
druns, councrete casks, and sealed stainless steel canisters of various
shapes and sizes.

Low=level transuranic waste is placed in stainless steel drums
which in turn are placed in a retrievable storage facility (see Section
4.4). The drums (Fig. 4.8) are available in 30~ and 55-gallon capaci-
ties and are designed and built in accordance with Department of Trans-
portation (DOT) specification 17H. The drums are sealed with a gasket
and compression ring arrangement. Each drum is tagged by the originator
with such i{nformation as date, source, principle radioisotopes present,
special hazards, and the originator. This information is later trans~
ferred to a stainless steel tag which is permanently attached to the

drum. The drums are sent temporarily to a staging facility (see Section

4.4) and eventually to the retrievable storage facility where they are
kept indefinitely.
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Fig. 4.8. Stainless steel retrievable storage
. drum and closure hardware.
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Transuranic wastes with higher beta-gamma backgrounds (>200
mrem/h) which require shielding are stored in concrete casks. These
casks (Figs. 4.9, 4.10, and 4.11) have been designed in three wall
thicknesses: 4 1/2, 6, and 12 in. The casks are currently available
only in the 6~ and 12-in sizes. The cask chosen depends entirely on
the amount of shielding necessary for the particular waste. The casks

"are approximately 4 1/2 feet in diameter by 7-ft tall. Waste is placed
in the casks by the generator and the cover is sealed using a tar type
caulking material. The casks are transported to the SWSA and are cur-
reatly disposed of in a special concrete storage facility (see Section
4.4). In the past, the casks were buried in special trenches, in some
cases with a concrete overburden.

Transuranic wastes exhibiting extremely high beta-gamma backgrounds
are sealed in stainless steel containers prior to transport. These con-
tainers (Fig. 4.12) may either be fully welded construction or may have
a bolted cover. Each container is fabricated to the required dimensions
for a specific disposal problem and has a stainless steel cable perman=—
ently attached for lifting purposes. The containers are placed in a
shielded carrier and transported to the SWSA where they are lowered into
a stainless steel lined auger hole using the attached cable (Fig. 4.13).
The hole, with the cable exposed, is sealed by a concrete stepped plug.

Whenever feasible, transuranic wastes are separated into burnable
and nonburnable fractions and are disposed of in separate containers.
When this is not feasible, the percentage of burnable material is esti-
mated and indicated on the tag for future reference. All containers are
identified as either burnable, nonburnable, or some percent burnable.

In either case, handling and disposal of the container remain the same.

Fissile waste is placed in any of the previously described con-
tainers, as appropriate, and is disposed of nonretrievably in auger
holes or trenches. Container types for mixed waste, as with the dispo-

sal method, is determined by the most hazardous material contained in
the waste.
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. v ORNL-PHOTO 0025-74

Fig. 4.12. Tvpical stainless steel high-level
retrievable waste container,
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. : ORNL-PHOTO 0649-80

Fig. 4.13. Placement of high-level TRU waste in stainless steel
lined well using shielded carrier.
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4.2 SOLID WASTE STORAGE AREAS

4,2.1 Introduction

The problem of radioactive waste disposal arose in the initial
stages of the wartime effort when small quantities of radioactive mate-
rial began to be generated.6 The Laboratory, at that time operated by
the DuPont Company, recognized early the need for segregation and spe-
cial disposal procedures for radioactive material and items contaminated
with radiocactive material. This is illustrated in a memorandum issued
in early 1944 suggesting that "2 metal trash can with cover, with red
lettering on the can, be provided for the disposal of actively contaami-~
nated broken glassware or materials not sufficiently clean to be used
on other work.” The letter further suggested that "a suitable location
for the burying of this material could be provided over oa the burning
ground. A suitable pit with enclosed fence could be made.” This pit
became the site of the first solid waste burial ground at the Lahoratory
and initiated a practice which has continued, with numerous refinements,
to the present day.

Six different SWSAs have been designated and utilized during the
1ife of the Laboratory. The first three, located in Bethel Valley near
the site of the current Laboratory complex (Flg. 3.6), were selected
with little knowledge or regard for the mobility of the various isotopes
being buried. Selection of sites was instead based on convenience and
similar use of the surrounding area, as in the siting of SWSA-l1 near the
burning ground as illustrated above. The most recent three SWSAs have
been sited in Melton Valley to take advantage of certain soil properties
which help to immobilize the radionuclides. The first three burial
grounds were small and intended to satisfy short term needs for dispo-
sal. This is reasonable to expect considering the dedicated mission and
anticipated short lifetime of the Laboratory during its early history.
The latter three burial grounds were observed as facilities to satisfy

the long term needs of a rapidly expanding research and development

facility and consequently were much larger, better organized, and better
planned.
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Table 4.3 lists each of the SWSAs along with dates of operation
and the total area contained in each SWSA. SWSA-1 through -5 are cur-
rently closed for normal burial operations. SWSA-3 was used until
recently for the above ground storage of reusable equipment but this
practice has been discontinued and all_matetial in above ground stor-
age has been removed and disposed of in other areas. SWSA-5 13 cur-
rently usad for the retrievable storage of transuranic waste. Several
retrievable storage facilities are located in the northern end of

SWSA~5. SWSA-6 i3 the only SWSA currently open for treanch burial of

general radioactive waste. -

Table 4.3. ORNL solid waste storage areas

SWsA Operating Status Acreage n?

1 1943-1944 closed 1 4 x 103
2 1944-1946 closed 4 1.6 x 10%
3 1946-1951 closed 6 2.4 x 10%
4 1951-1959 closed 23 9.3 x 19%
5 1959~ operatingl 50 2.0 x 105
6 1969- operating 682 2.8 x 10°
1

Retrievable storage facilities only. Area closed for trench
burial in 1973.

20nly approximately 14.5 acres is useable based on present

practice.

The following sections will describe each SWSA in detafl.
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As mentioned previously, SWSA-1 was selected due to its proximity
to the incineration area in use at that time. The site was located at
the southern edge of the main Laboratory area, at the foot of Haw Ridge
and about 7.6 m (25 ft) south of White Oak Creek. The site is a tri~-
angular shaped area encompassing approximately 4.0 x 103 u? (one acre)
(Fig. 4.14). Conflicting reports exist as to whether some waste was
placed in auger holes at the east end of the site. It is known that
only a small number of trenches were excavated before the site was
abandoned when water was found in an excavated trench in the northern
section of the site. Figure 4.14 is based primarily on memory relayed
through oral communication and thus {3 subject to error. No records
were maintained on the burial operations and thus there is no way of
knowing the nature or quantity of the material buried in the area.

Figure 4.15 i3 a current Laboratory photograph showing SWSA-1.

The storage area i3 now fenced and grassed and maintained as necessary.
The access road to the Laboratory's south parking lot passes through
the central area of the SWSA. Some surface drainage from Haw Ridge
flows across the SWSA in route to White Oak Creek. Ground water move-

ment in the area is also into White Oak Creek and 1is subsequently
monitored via the Stream Monitoring Systenm.

4.2.3 SWSA-2

SWSA-2 is located on the south side of a hill near the East
entrance and main parking area of the Laboratory, northwest of Build-
ing 4500. The area is currently unfenced with a grass cover. An
access road to a transformer station passes through the SWSA. Figure
4.16 is an aerial view of the site. Figure 4.17 is a diagram of the
original site boundaries with respect to current landmarks.

SWSA-2, containing approximately 1.6 x 10° m? (4 acres) was opened
shortly after the closing of SWSA-1. The area was selected due to its

proximity to the graphite reactor and processing facilities to provide

easier access to the burial area. Personal interviews have indicated
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that the site initially had one trench cut in an east-west direction,
probably between the roads indicated on Fig. 4.17, and then a second
trench cut to the north of the first.6 Solid waste contaminated by
beta or gamma activity was placed in black iron drums and then buried
in the trenches. Liquid waste contaminated with plutonium was placed
in stainless steel drums and either buried in trenches or stored with-
out burial in a “"natural ravine" eroded in the site.® The northeast
corner of the site is believed to have been used for the burial of
alpha-contaminated material from off-site. This matefial was covered
with a slab of concrete after burial.

Long-range land use planning soon indicated that the area was
unacceptable as a burial ground and the site was closed. After closure,
all the waste was reported to have been exhumed and reburied at a new
burial site (SWSA-3). The stainless steel drums containing liquid plu-
toniun waste were removed intact, but the black iron drums containing
the beta-gamma waste had deteriorated and required removal of the sur-
rounding soil. The area was then bulldozed and seeded with grass.
Surface water runoff from above the area has been diverted around the
trenches to minimize erosion.

Conflicting reports have existed in regard to the removal of the
buried waste from SWSA-2 with some accounts indicating that not all the
waste was removed, in particular, larger equipment such as storage tanks
and vehicles which had been disposed of at the site. Extensive core
sampling has been completed in and around SWSA-2 since 1976 to deter-
mine the nature of the subsurface materials for a proposed Laboratory
facility, the Energy Systems Research Laboratory (ESRL).9 The proposed
ESRL site includes the southwestern part of SWSA-2 and the area between
SWSA-2 and Central Avenue (Fig. 4.158). A total of 25 cores were taken,
ranging in depth from 1.2 to 2.7 m (4 to 9 ft), and the soil samples
were analyzed for gamma-, beta=-, and alpha-emitting isotopes. Water
taken from 13 of the core holes was analyzed to determine tritium, gross
beta, and gross alpha levels. None of the samples analyzed were found

to be significantly higher than background samples collected throughout




4-35

eastern and central Tennessee. Results of these analyses indicate that
there has been no significant migration of radionuclides from SWSA-2 and
that probably most if not all of the contamination has been removed from
the area. Figure 4.18 shows the sampling locations used in the above

analysis.

SWSA-3 is located in a fenced area at the foot of Haw Ridge approx-
imately 1.0 km (0.6 miles) west of the Labo:acory complex. The site was
opened in Aptil 1946, and remained operational for approximately five
years. In recent years, after being closed for trench disposal, the site
was used for above ground storage of reuseable equipment. Figure 4.19
illustrates the location of the SWSA.

Trenches'were cut parallel to each other across the width of the
gite as shown in Fig. 4.20. Alpha contaminated waste was placed in
trenches and then covered with concrete whereas the beta-gamma waste

trenches were backfilled with native soil. Trenches in the area were

generally 4.5 m (15 ft) deep or 1ess.7 The site was expanded westward
until hard rock was encountered which made excavation difficult, and the
site was closed in 1951 after utilizing some 2.4 x 104 w? (6 acres).
During 1978 and 1979, a cleanup program was initiated to remove the
above-ground stored material from SWSA-3. Laboratory personnel were
notified to identify and tag any items which they waunted to save. All
material not tagged was removed from the area. Stored items with detec-
table contamination levels were removed and buried in trenches in
SWSA-6. Stored items with contamination levels undetectable by field
survey instruments were buried in a landfill in SWSA-5. Radioactively
contaminated items which were tagged for continued storage were removed
to an improved storage area near SWSA-4. After removal of above-ground
stored items, the east section of SWSA-3 was covered with about 20 cm (8
in.) of dirt and sown with grass. A ditch was dug along part of the
south fence line to divert runoff from across the surface of the area.
All trees which had grown in the area were removed. Figure 4.21 shows

SWSA-3 after completion of the clean-up program.
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. 4.2.5 SWSA=-4

Sufficient studies had been completed on radionuclide movement
within burial areas by 1951 to indicate the potential of the Conasauga
shale for absorption of radionuclides. . SWSA-4 was sited in Melton Valley
in areas underlain by Conasauga shale- to take advantage of this property.
The site selected is located within the White Oak Creek drainage basina
approximately 0.8 km (0.5 miles) southwest of the Laboratory complex.

The SWSA is bounded on its western border by Lagoon Road, an ORNL access
road. The site 1is currently fenced and grassed. figufe 4.22 is a recent
aerial photograph of the area.

SWSA-4 was opened for routine burial in February 1951, arnd remained
in operation for approximately 8.5 years encompassing a total area of
9.3 x 104 n2 (23 acres). The site was utilized at a rate of around 1.0
x 10% o? (2.5 acres) per year. Development of the SWSA proceeded gradu-
ally from the low-lying northeast end to the higher southwest end.

Trench orientation was variable and lacked any consistent relationship

to the original site topography. A trench for burning noncontaminated
. material was also operated within the area. Much of the site, primarily

in the northeastern portion, has been covered with rock and dirt from

building excavations at ORNL. In some places as much as 6 m (20 ft)

of this material overlies the original ground contour.8

Trench burial was utilized in SWSA~4 for routine beta—-gamma wastes.
Trenches ranged from 15 to 120 m (50 to 400 ft) in length, 2.4 to 9 m
(8 to 30 ft) in width, and 2.4 to 4.3 m (8 to 14 £ft) in depth. Burial
was limited to high elevations within the burial area during the drier
wet periods, while the low topography was utilized during the drier
summer months. Alpha-contaminated wastes were disposed of in trenches
with the addition of an 0.5 m (1.5 ft) concrete slab poured over the
trench. Higher-level wastes and some "special high-level”™ wastes were

placed in auger holes 0.3 to 0.6 m (1 to 2 ft) in diameter and approxi-
mately 4.6 m (15 ft) deep.
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~ Auger holes were also used for the temporary storage of materials
contaminated by fission products of short half life. About 50 of these
auger holes are located in the northern part of the SWSA along Lagoon
Road.8 Figure 4.23 shows the SWSA-4 trench alignment, type of cover
(shale or concrete), the high-level waste burial areas, and the noncon-
taminated burning pit.

A wide variety of contaminated waste was buried in SWSA-4 in a wide
variety of container types. The list includes materials such as paper,
glassware, scrap metal, dirt, filters, oils, powders, depleted uranium,
animal carcasses, and large. pieces of equipment._ In one case a small
metal building was buried at the site.8 Records were maintained of the
waste inventory of SWSA-4, but were destroyed in 1957 by fire. Records
are available for 1957 and 1958 which may be representative of the imme-
diately previous years. During 1957 approximately 7220 o3 (255,000 f:3)
of waste was buried in SWSA-4 and during 1958 approximately 9510 a3
(336,000 ft3) was buried. Approximately 50 percent of this waste was
generated by ORNL with the remainder being shipped in from off-site.
Table 4.4 1llustrates the diversified group of generators of the buried
waste during 1957 and 1938. Little information exists to characterize
the type, concentration, or quantity of radionuclides placed in SWSA-4
for any of its years of operation. The curie content description of
off-site wastes was frequently incomplete and in many cases was specified
in "less than” quantities which may differ greatly from the actual quan-
tity. .

Although the existence of Comasauga shale was the determining fac~-
tor in the site selection for SWSA-4, little consideration was given to
other geologic and hydrologic parameters. Consequently, much of the
waste in SWSA-4 i3 located in or very near the water table as illustrated

by the shift to higher ground during the wet winter months. This factor
has resulted in radionuclide transport within the burial area with the

development of a number of "seeps”™ near the lower portion of the SWSA.
Radionuclide movement into White Oak Creek is relatively small, but

these seeps are a major concern in SWSA operation and monitoring.
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Table 4.4. Solid-waste burials for 1957 and 1958

1957 1958
Volune Volume
(fed x 103) (@d) (%) (££3 x 103) @) )
ORNL 142 4020 55.7 158 4470  47.0
Y-12 10 280 3.9 15 420 b.h
U. T. Agricultural 4 110 1.6 4 110 1.3
Experimental Station
ORINS 1 28 0.4 1 28 0.3
Oak Ridge Processing Co. 6 170 2.3 15 450 4.8
Knoxville Iron Co. 4 110 1.6 11 3?0 3.2
K=25 4 110 1.6
Off-Site Shippers
KAPL 25 710 9.8 52 1470  15.5
ANL 29 820 1ll.4 34 960 10.1
GE 7 200 2.7 19 540 5.6
Mound Laboratory 14 400 5.5 11 3190 3.3
Radiological Service Co. 4 110 1.6 4 110 1.2
BMI 4 110 1.2
Others S 140 1.9 A _200 2.1
TOTALS 2554 72084 100.0 3362 9488a 100.0

3Some discrepancies exist with respect to these numbers. The numbers
currently considered to be accurate are given in Table 4.7.
presented simply to show the diversity of generators.

This table is
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4.2.6 SWSA-5

SWSA-5 was opened in 1959 as SWSA-4 neared full capacity. The
selection of the site for SWSA-5 was based on experience gained as a
result of previous burial operations as well as studies which were
completed on radionuclide transport within soil. Criteria were estab-
lished for selection of the SWSA-5 site including such considerations
as depth to groundwater, ease of operatiom, flood potential, soil ero-
sion by surface runoff, easy excavation, short hauling distance,
restricted access roads, and underlying geology. The site selected is
located on a hillside east of White 0Oak Creek, between SWSA-4 and
Melton Branch. SWSA-5 is composed of two distinct geographical areas
providing different solid waste storage functions. These areas will be
referred to as SWSA-S/north and SWSA-5/south. SWSA-5/south is used for
disposal of routine huried waste; whereas, SWSA~5/north has been used
for retrievable storage of transuranic contaminated waste.

SWSA-5 (north and sou:h) is a fenced area of approxinately 3.2 x
105 w? (80 acres) of which only approximately 2.0 x 107 o? (50 acres)
has actually been used for waste disposal. The majority of this area
is contained in SWSA-5/south. SWSA-5/south is a moderately sloping
hillside with a grass cover (Fiz. 4.24). The area is fenced and con-
tains several unpaved access roads. Portions of the area are topograph-
ically or hydrologically unsuitable for trench disposal and thus have
not been used for burial of waste. The original ORNL Hydrofracture
Facility, utilized for many years for permanent disposal of ORNL gener-
ated liquid waste, but now deactivated, 18 located at the southwestern
corner of SWSA-5/south. '

Waste disposal in SWSA-5/south was accomplished in similar manner
to the previous storage areas. Beta-gamma contaminated waste was dis-
posed of by normal trench burial. Trenches in the area vary consider-
ably in size from approximately 12 to 150 m (40 to 500 ft) in length.
The trenches were located at right angles to the strike of the shale to

prevent collapse of the trench walls and thus, most trenches are located
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parallel to the slope. Figure 4.25 illustrates the location and align-
ment of the trenches in SWSA-5/south. The records for the "undefined
area” were destroyed in the fire which destroyed the SWSA-4 records.
This "undefined area” was used primarily for disposal of segregated
alpha contaminated waste which was trench buried and then covered with a
slab of concrete. Auger holes were utilized for disposal of higher
level waste and fissile waste in the areas designated on Fig. 4.25. _

SWSA-5/north has been used almost exclusively for the retrievable
storagé of transuranic waste. Figure 4.26 is an aerial photograph show-
ing the numerous retrievable facilities in SWSA-5/north. Figure 4.27
also show these facilities along with the locations of trenches where
waste has been retrievably buried.

TRU waste is stored in SWSA-5/north in three basic modes. Low=-
level TRU waste are placed in stainless steel drums which are held
temporarily in a staging facility, Building 7823, before being placed
in partially underground storage facilities, Buildings 7826 and 7834.
Hot cell waste requiring shielding before disposal is placed in con-
cfe:e casks which were previously buried in the trenches shown in Fig.
4.26. Currently, these concrete casks are being placed in the concrete
storage facility, Building 7855. Waste with a high—level beta-gamma
background is sealed in stainless steel containers and placed in stain-
less steel lined auger holes in Buildings 7827 and 7829.

Also located in SWSA-S/north is Building 7824, which is primarily

'a storage building for miscellaneous equipment and also currently houses
an experimental waste assay system. Some transuranic waste, which due
to physical size or composition cannot be stored in the manner described
above, has been disposed of by normal trench burial i{n the hillside just
east of Building 7823 and across the access road from Buildings 7824 and
7826. SWSA-S5/north is surrounded by a second security fence inside the
prizary SWSA-5 fence to further restrict access to the area. Outside
the iaterior fence, near the main SWSA-5 entrance gate (Fig. 4.26) is
located Building 7831, the Solid Waste Compactor Facility. This facil-

ity i{s used for volume reduction and packaging of low-level, nontrans-

uranic and nonfissile, compactible wastes.
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SWSA-5/south i{s currently closed for routine trench burial (1973)
but SWSA-5/north continues to be used for storage of rettievaple waste.
Waste composition in SWSA-~5/south is characteristic of the heterogene-
ous mixture described for the previous storage areas. Waste burials in
SWSA-5 have varied froam 0.7 to 1.5 ms/m? (100,000 to 220,000 cubic feet

per acre) depending on terrain and water table depth.

SWSA-6 1s the site currently used for routine nontransuranic waste
burial. The site, opened in 1969, consists of a total area of 2.7 x
102 o2 (68 acres); however; only approximately 5.9 x 104 2 (14.5
acres) of that area is useable due to the rough terrain. The site is
located just northwest of White Oak Lake near White Oak Dam and
Tennessee Highway 95. The area is generally sloping with wooded as
well as cleared and grassed areas. The site is fenced and numerous
unimproved access roads exist throughout the area. Since SWSA-6 is
currently in use, open trenches and freshly filled trenches will be
found in the area. Figure 4.28 is an aerial photograph of the SWSA-6
site and Fig. 4.29 illustrates the topography and water table eleva-
tions of the site as well as location and alignment of existing trenches.

Selection of the site for SWSA-6 was based on essentially the same
criteria as was used in selecting the SWSA-5 site. The site 1is under-
lain by Conasauga shale and has similar hydrology to SWSA-5. Trenches
are excavated as long as topogtaéhically convenient, but most are lim-
ited to approximately 15 m (50 ft). Auger holes are utilized in
designated areas of the site for disposal of fissile waste and high
level waste (Fig. 4.28). Special trenches have been designated in

SWSA-6 for the disposal of biological waste and also for baled compac-
tible waste.
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4.3 GENERAL SOLID WASTE DISPOSAL

4.3.1 Introduction

The majority of solid radiocactive waste disposed of at Oak Ridge
National Laboratory is disposed of by one of two methods: trench
burial or unlined auger holes. Trench burial is utilized for prac-
tically all low-level, nontransuranic, and nonfissile waste. Auger
holes are used for waste containing fissile nontransuranic isotopes or
waste exhibiting a high beta-gamma background, or both. Tramsuranic
waste has also been disposed of in the past by trench burial normally
accompanied by a layer of concrete over the top of the trench. Current
practice does not allow trench burial of transuranic waste except in
very special cases. Instead, they are placed in special retrievable
facilities to be discussed in Section 4.4.

Treach burial was initiated at ORNL in accordance with standard
nonradioactive landfill operation with little apparent consideration
given to the design or layout of the trench. Investigations soon
revealed that special procedures and precautions were necessary in
trench burial of radioactively contaminated waste. Current practice
utilized in SWSA-5 and SWSA-6 follows set procedures in the excavation,
filling, and subsequent monitoring of trenches. All subsequent discus-
sions regarding trench burial are based on current practice and proce-
dure which may not accurately describe some of the earlier solid waste
buriéls. The implication of this will be discussed in the subsequent

sections on SWSA safety.

Auger holes are basically a specialized form of trench burial uti-
lized to allow greater control of radiation exposures during disposal
and to limit excessive quantities of fissionable material from accumu-

lating in a given area. As with treach burial, detailed practices and

procedures have been developed through numerous years of experience.
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4.3.2 Trench Burial

Trench development is dependent, to a large extent, on the speci-
fic topography, geology, and hydrology of the burial site. Trenches
are constructed and maintained, using good engineering judgment and
practice, in a manner which, to the extent possible, isolates the wastes
and their radionuclide content from surface and ground water infiltra-
tion,.and consequently, prevents any siznificant movement of the radio-
nuclides. Figure 4.30 illustrates a typical trench layout.

Trenches are nominally 15 m (50 ft) long and 3 m (10 ft) wide
depending on specific site toéography. Depth is nominally 3 to 4.25 m
(10 to 14 ft) with the deﬁth of a specific trench being determined by
the depth of the water table. Depth of all trenches is limited to at
least 0.6 m (2 ft) above the known high water table as defined by the
best currently available hydrologic profiles. If due to an unknown
variance in the water table, a trench excavation is found to fall below
the water table, the trench is backfilled prior to use with Conasauga
shale to a depth at least 0.6 m (2 ft) above the observed high water
table. Spacing between adjacent trenches in a storage area is limited
to a ainimum of 5 ft. Trenches are excavated with a slight slope
toward one end and surface water drainage is controlled by appropriate
ditching around trenches to meet prevailing surface drainage require-
ments.

The monitoring pipe ian the trench of Fig. 4.30 illustrates a now
abandoned practice of installing a monitoring well in each trench prior
to addition of the waste. The pipe served as a trench marker and also
as a sampling well. Monitoring wells continue to be used but are not
installed until after the trench is filled as described in the follow-
ing paragraphs.

When a trench has been properly excavated as illustrated in Fig.
4.31, the trench is ready to be filled. Filling of the trench occurs
over a period of time with appropriate markers and barricades iden-

tifying the open treanch. Waste is deposited in the trench in various
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‘ ways primarily by dumping of radwaste dumpsters by special trucks (Fig.
4.32), placement of individual packages, or as bulk waste in truck load
lots. These operations comply with all procedures and requirements of
the Health Physics Procedure Manual and are routinely monitored by
Health Physics personnel, as necessary.

Waste 1is deposited in the trench to a level which allows not less
than 3 ft of earth cover over the disposed material (Fig. 4.33). At
this point, the trench is backfilled with native soil and packed by
running heavy equipment over the area. Once the trench is closed, the
area is grassed, mowed, and maintained free of trees. Periodically
(approximately annually), trench areas that have been recently filled
with waste are sealed with a bentonite clay-Conasauga shale cover to
reduce water infiltration. The seal is at least 10 cm (4 in.) thick
and contains not less than 12Z by volume granular bentonite clay. The
mixture is sprayed with water to obtain a 207 moisture coatent and then
covered with not less than 2 ft of shale/dirt befors seeding.

- After the bentonite clay/Conasauga shale seal has been installed

. over a group of trenches and the surface has stabilized, the corners of
each trench are identified by civil engineering survey. Approximately
on the centerline and 4 ft from the lower end of each trench, an auger
hole is made to the bottom of each treach. A 4 in. diam plastic pipe

slotted in the lower 3 ft is inserted in the auger hole. The space in
the auger hole surrounding the pipe is filled with gravel to within

3 £t of the surface; and then with a bentonite-=shale nmixture to withia

about 8 in. of the surface to seal around the pipe. A concrete collar

(approximately 30 in. diam) is then installed around the top of the

sampling well. The collar is marked with the well number, and the well

is closed with a loose cover. Figure 4.34 shows a completed monitacing
well with collar and identification.
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ORNL-PHOTO 4860-80

: Fig. 4.33. Tvpical waste in disposal trench
. before back filling.
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Surveillance of the closed trench is initiated immediately after
closure. If surveillance indicates additional action is required to
prevent entry of water, appropriate action is taken. This may involve
additional ditching, improving contouring, compacting the trench back-

fill, or installing the aforementioned impervious membrane ahead of
normal schedule.

An engineering survey is conducted on the location of each trench

and the results are recorded and maintained by ORNL Engineering.

4.3.3 Auger Holes

Auger hole disposal is utilized for either high-level waste or
fissionable (primarily 235U) waste following the same basic principles
as outlined for trench disposal. The auger holes are constructed and
maintained, with due regard for local hydrology and topography, to
ensure maximum possible isolation of the waste from infiltration of
ground and surface water.

Auger hole diameters are variable, depending primarily on the
function of the individual hole, but are normally 1 m (40 in.) or less.
Depth of the hole i3 limited to at least 0.6 m (2 ft) above the currently
known high water table. Auger holes are spaced a minimum of 0.9 m (3 ft)
from edge to edge.

Auger holes are closed when the hole has been filled to within 0.9
m (3 ft) of the surface or, in the case of fissile material, when the
hole contains 200 grams of fissile isotopes, whichever occurs first.
High-level and fissile auger holes are closed by backfilling with native
golil to within approximately 0.6 m (2 ft) of the surface, then 0.25 m
(8 to 12 in.) of concrete is added, and finally the remainder of the
hole is filled with native soil and the surface is grassed.

Each auger hole is assigned a unique number with records being

maintained of the contents of each hole. Hole locations are indicated
on site drawings maintained by ORNL Engineering.
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4.4 RETRIEVABLE SOLID WASTE STORAGE FACILITIES

4.4.1 Introduction

The Atomic Energy Commission Immediate Action Directive of October
1970 requires that all radioactive waste contaminated above 10 Ci/g
with transuranic isotopes be stored in a fashion to allow future removal
of the waste for subsequent processing or shipment for a period of 20
years. This requirement has been met at ORNL by 'a group of special
facilit{es located in the security area of SWSA-5/north (Fig. 4.26).

Depending on their radiation backgrounds, TRU wastes are packaged
retrievably in 30- or 55-gallon stainless steel drums, in concrete casks
of various wall thicknesses, or in stainless steel cylinders. The low-
level drums are stored in one of two storage facilities, Buildings 7826
or 7834. The concrete casks are disposed of through trench burial in a
designated area in SWSA-5/north or more recently in a concrete storage
facility, Building 7855. The high-level material is placed in stainless
steel lined auger holes, Buildings 7827 and 7829. Each of these spegial
facilities will be described in detail in the following sections.

4.4.2 Staging Facility

The staging facility, Building 7823 (Fig. 4.26), is a partially
underground shed currently used for temporary storage of low-level
transuranic waste, primarily drums, before it is placed in permanent
storage facilities. 1Initlally, the building was used for extended
storage of various types of low-level (<200 mrem/h) retrievable waste
including drums, metal boxes, etc. All these items have been removed
to permanent storage and the facility 1is currently used only for tem-
porary holding of packaged wastes until enough have acumulated to just-
ify transfer to one of the permanent facilities.

Building 7323 is approximately 15.3 m (50 ft) wide by 24.4 m (80
ft) long in the main building with an extension on the south side for
a truck entrance. The total area of the building is approximately 390

a2 (4200 ftz). The facility 1is approximately two-thirds below grade
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and has a gable roof open at each end. The walls are curved, galva-
nized metal culvert sections of 12-gauge corrugated steel. The roof is
0.08 cm (0.032 in.) corrugated aluminum with four sectiomns of plastic
skylight. There is an interior ceiling of 9-gauge galvanized steel wire
-fencing located 4.25 m (14 ft) above the floor to prevent removal of the
waste contaizers during a tornado. The floor is a 0.3 m (12 in.) deep

bed of crushed rock. There are no utilities inside the building (Fig.
4.35).

4.4.3 Drum Storage Facility No. 1

Building 7826 is a facility designed for retrievable storage of
low-level transuranic waste in 55-gallon drums (Fig. 4.8). The building
is a one-story concrete block and reinforced concrete structure approxi-
mately 11.6 m x 17.4 m x 4 m (38 ft x 57 ft x 13 £t) high. The structure
is approximately 85X below grade (Fig. 4.36). The facility is divided
into 24 compartments or cells (Figs. 4.37 and 4.38). Each cell will
accommodate sixty=four 55-gallon drums, stacked in four layers with six-
teen drums per layer. A thin sheet of plywood 1s placed between each
layer. Each cell contains a floor drain and a sump to monitor for ground-
water leakage and possible movement of radionuclides from the facility.
Each sump can be sampled individually and the drains can be monitored and
sampled at externmal catch basins. There are no utilities in the facility.

Access to the cells is by removal of roof sections, with each sec-—-

tion accommodating two cells. The roof sections are composed of a

structural steel framework covered with 22-gauge galvanized metal deck-

iag. The spacing on the roof framework is designed to prevent removal
of the drums in the event of a tornado.

When sufficient drums have
accumulated in the staging facility, one of the roof panels is removed

and the drums are placed in the cells with a crane, four at a time.
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The structure is designed for seismic loading in accordance with the

Uniform Building Code for Seismic Zone 2 and tornado resistance in accor-

dance with NRC Regulatory Guide 1.76. Criticality control is accomplished

through restrictions on the amount of fissionable material allowed in each

drum based on calculations assuming an infinite array of drums.

4.4.4 Drum Storage Facility No. 2

As Building 7826 neared its capacity of drums, a new storage facility
was designed and constructed adjacent to 7826 (Fig. 4.36). This facility,
Building 7834, was completed in early FY-80 and is currently available for

use as needed. Ir is expected to have sufficient capacity for approximately

eight years at current generation rates.

Building 7834 utilizes the same basic design as 7826 with two excep-
tions. The roof of Building 7834 consists of removable concrete plugs with
sufficient weight to prevent removal during a tornado. One plug is utilized
for each cell. The plugs contain a 10 em (4 in.) pipe sleeve to allow
sampling of the sumps in each cell without removal of the plug (Fig. 4.39).
Building 7834 contains 24 cells with a sump and drain arrangement similar to
7826. Building 7834, however, acccumodates drums in five layers instead of
the four layers in 7826. This gives a capacity of 80 drums per cell.

Placement of drums is similar to the procedure for Building 7826.

When sufficient drums have accumulated in the staging facility, one of the
concrete cell plugs is removed and the drums are placed in the cell, four
at a time, with the layers separated by plywood. Building 7834 is designed

to the tornado and earthquake requirements of NRC Regulatory Guide 1.76

and the Uniform Building Code for Seismic Zone 2, respectively.
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4.4.5 Concrete Cask Storage Area

The cleared area to the west of the drum storage buildings (Fig.
4.26) has been used since October 1970 through FY-79 for the retrievable
burial of concrete casks containing higher level transuranic waste.
Disposal procedure for the casks is normal trench burial described in
Section 4.3.2., The concrete package ensures that the wastes will
remain retrievable in the future. Earlier practice prior to October
1970 involved placing the casks in the trench and then pouring concrete
over and around the casks. These casks are not in the SWSA-5/north
area and are not considered to be retrievable. Figure 4.40 illustrates

the storage method for the casks. A total of sixteen trenches contain-
ing concrete casks are located in this storage area.

4.4.6 Concrete Cask Storage Building

With the ever increasing emphasis on retrievability of transuranic
wastes, it was determined that burial of the concrete casks was not
" completely acceptable due to the difficulty in exhuming the containers.
9n this basis, a concrete storage building was constructed which will be
used for concrete casks generated subsequent to FY-79. This storage
building, Building 7855, was located in the southeast of the cask burial
area (Fig. 4.26) and was completed in January 1980.

Building 7855 is a concrete block and reinforced concrete structure
contalning four bays for cask storage. Figures 4.41, 4.42, and 4.43
illustrate the design of the facility. The building is largely below
grade with access on the southern face of the structure. Each bay con-
tains a sump and drain system for collection of groundwater leakage into

the facility. Pipe sleeves in various locations in the roof above the

sump allow sampling of the sunop contents or sampling of the atmosphere
in the facility.

facility.

No closure is provided on the exposed face of the
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Each bay of the building is approximately 4.6 m (15 ft) wide by
3 m (10 fr) high by 13.75 m (45 ft) deep and has a capacity of 27 casks
giving a total capacity for the facility of 108 casks. This capacity
should be sufficient for approximately five years at current generation
rates. Casks are transported to the facility uctilizing the same proce-
dure as burial storage and are placed in one of the bays using a forklift
with a special lifting attachment. When a bay is filled or when the
radiation level becomes excessive inside the bay, a concrete block wall
will be constructed across the bay opening to provide shielding. If an
intermediate wall is found to be necessary, casks would continue to be
placed in the bay outside the intermediate wall uncil it is filled and
then a final wall would be constructed across the outside face of the
bay. If and when retrieval becomes necessary, the wall would be removed
and the casks would be retrieved using the reverse of the above process.
The facility is designed for seismic loading in accordance with the
Uniform Building Code for Seismic Zone 2 and tornado loading as described

in NRC Regulatory Guide 1.76. Figure 4.44 shows concrete casks in place
in one bay of the facility.

4.4.7 High Level Wells

Transuranic waste containing very high beta-gamma background radi-
ation is placed in a group of stainless steel lined storage wells desig-
nated as Buildings 7827 and 7829. These facilities are located just to
the south of the drum storage buildings as shown on Fig. 4.26.

A typical stainless steel well is either 3 or 4.6 m (10 or 15 ft)
deep and may be either 20, 25, 30.5, 35.5, 40.5, or 76 cm (8, 10, 12,
14, 16, or 30 in.) in diameter. The well is rolled from l6-gauge stain-
less steel and seam-welded. The bottom is welded to the liner and all
welds are dye-checked. The stainless steel well is placed on a 15 cm
(6 in.) thick concrete slab. Native soil is backfilled around the well
and another similar concrete slab is poured around the well at grade
level (Fig. 4.45). A stepped 0.9 m (3 ft) thick concrete plug is used
to seal the well. Spacing of the holes is limited to a minimum of 0.9 m
(3 ft) edge to edge to assure criticality control.
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Waste to be placed in a storage well is packaged in stainless steel
55-gallon drums or other smaller stainless steel cylindrical packages.
These packages are designed and built for a specific situation and are
either all welded comstruction or possibly have a bolted flanged cover.
The waste in the package is transported to the well in a shielded con-
tainer and lowered into the well. The concrete plug is then placed in
the well with the lifting cable from the canister and the identification
tag exposed. Wastes are removed through a reverse of the above process,
by placing the shielded carrier over the well and lifting the canister
'{nto the bottom of the carrier using the attached cable.

Building 7827 is a two section structure, constructed primarily
below grade, and containing 30 wells in one section with 24 wells in
the second section. The wells in the first section have diameters of
20, 40.5, and 76 cm (8, 16, and 30 in.). Half of the wells are 3 m (10
ft) deep and the other half are 4.6 m (15 ft) deep. All 24 wells in
the second section are 20 cm (8 in.) in diameter by 4.6 m (15 ft) deep.
Figure 4.46 {s a cross~section of the first section of the facility.

Building 7829 is similar in design to Building 7827 but coutains

only ten wellg. All ten wells are 30.5 cm (12 in.) in diameter by 4.6 m
(15 £t) deep.

4.5 SOLID WASTE COMPACTION

4.5.1 Introduction

The very limited availability of areas suitable for the disposal
of solid radioactive waste at ORNL has caused the initiation of several
programs to reduce the volume of buried radicactive waste. Ome of the
most significant of these volume reduction campaigns has been the design
and operation of a radioactive solid waste compactor. The Compaction
Facility, Building 7831, is located just outside the entrance of the

transuranic waste storage area in SWSA-5/north. Compactible waste,

primarily very low level, is segregated by the generator into special
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. collection dumpsters and is transported to the facility for compaction
and subsequent disposal in special trenches in SWSA-6. No fissile or

transuranic contaminated wastes are allowed in the compactor facility.

4.5.2 Solid Waste Compactor Facility

The Solid Waste Compactor Facility was designed and constructed for
receiving and processing general low-level compactible waste having a
beta-gamma background of 200 mrem/h or less. The building housing the
compactor is approximately 12.2 m x 13.1 m (40 £t x 43 ft) with an inside
he{ght of approximately 4.6 m (15 ft) in the compactor area. It is con-
structed of structural steel concrete block inside walls. The interior
of the building consists of three zones: a work area housing the compac-

. tor machinery, the personnel area of the building which includes change
room, lunch room, hallway, and office, and a storage and building service
equipmgnt area above the personnel area. The compactor area also includes
space for two dumpster pans and short-term bale storage. Access to the
upper storage level is by means of stairs inside the compactor area. One

. persoanel door in each of the ground floor areas and one roll-up door in
the compactor area provide access to and from the building. Figure 4.46
illustrates the layout of the facility. The area outside the compactor
room is a covered concrete storage pad for storage of supplies and equip-
ment and short-term storage of waste bales.

The compactor is a Model DHBS-2 MR upright hydraulic compactor
from Consolidated Baling Machine Company, Brooklyn, NY. It is rated
4.45 x 105 newtons (50 tons) compressive force and has a chamber capa-
city sufficient to produce a nominal 0.38 m3 (1/2 cubic yard) bale 96.25
ca x 52.23 cm x 75.41 cm (37 1/2 in. x 20 9/16 in. x 29 11/16 in.) high.
The primary hydraulic system operates at 1.38 x 107 pa (2000 psi), has
a cylinder with 20.3 cm (8 in.) bore and 92.71 cm (36 1/2 in.) stroke,

and is powered by a 11,200 watt (15 horsepower) electric motor.
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STORAGE CHANGE :
FOR BALING ROOM
SUPPLIES AND
REST ROOM OFFICE
LUNCH ROOM
r—-—=—"—7====== [
I |
!
; DUMPSTERS |
. i
e e e — — — ;
»COMPACTOR COMPACTOR
ROOM
o CONVEYOR
AlR
CONVEYORL MONITORS a'x 2’ -
SONVEYO] ‘F_“__T =2’ 12" ROLL-UP DOOR
L COVERED
~ STORAGE
PAD
Fig. 4.46. Solid Waste Compactor Facility -~

Building 7831 - floor plam.
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. " The compactor has a self-contained ventilation system capable of
1.2 m3/s (2600 CFM) at 15.2 cm (6 in.) of water pressure differential.
The system exhausts air from inside the compaction chamber to the out~-
side through two prefilters and two HEPA filters in parallel. A filter
is placed upstream of the prefilters to trap any large particles which
may enter the system. Differential pressure indicators across the
filters actuate an alarm when a preset pressure drop across the filters
1s reached. The system maintains a minimum flow velocity of 0.5 n/s
(100 ft/min) through the opening when the door is open.

The bales are banded in the compression chamber, while still under
compression, and then are removed by a hydraulic bale ejector system
onto a 1.5 m (5 ft) movable roller coaveyor.

Operation of the waste compactor is illustrated in Figs. 4.47
through 4.49., The waste is compacted into a box which 1s first placed
inside the compaction cavity and lined with a polyethylene bag. The
main door is then closed and waste is added through the upper door.

Each bag of waste is compacted into the box as it is added. When the

. box is filled with waste, it is strapped and ejected from the chamber
onto the roller coaveyor for removal.

4.5.3 Disposal of Compacted Waste

When a compacted bale is removed from the compactor, it is placed
in a plastic bag which is closed with tape. The bale is then trans-
ported to SWSA-6 where it is placed in a designated trench. Compacted
waste trenches are similar to normal trenches except for a covering of
corregated metal (Fig. 4.50). Compactible waste trenches generally fill
slower than other trenches and the metal cover is required t> prevent
significant deterioration of the trench while it i{s open. The balas
are placed in the trench using the same criteria as described in Section

4.3.2 (Fig. 4.51). When the trench is full, it is backfilled and
grassed.
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Compacted waste bales inside disposal trench.

Fig. 4.51.
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4.6 SOLID WASTE STORAGE MONITORING AND SURVEILLANCE

4.56.1 1Introduction

To monitor the movement of radionuclides from the SWSAs, two sys-
tems are utilized. These are (1) a series of monitoring wells located
in and around the SWSAs to provide groundwater samples and (2) a series
of flow measurement and sampling devices in White Oak Creek and its
tributaries known as the Streamflow Monitoring System. Data from these
systems provide information regarding the retentive cgpabilities of the
stocrage areas and also provide information regarding the total releases

of radionuclides to the Clinch River to ensure conformance with effluent

release requirements.

4.6.2 Monitoring Wells

Monitoring welis have been used with some degree of effectiveness
for monitoring radionuclide movement in the ORNL SWSAs since 1950.
Early wells were drilled primarily for the purpose of determining
degree of contamination, hydrologic conditions, etc. Only recently
have the wells been used for routine monitoring of radionuclide move-
ament.

Most of the existing monitoring wells are simply shallow auger
holes with uncapped, corrugated casings perforated throughout their
length. Through several years of existence, many of these wells have
been destroyed or have deteriorated to the point where they can no
longer be found or are no longer useful for obtaining representative
samples. Questions also arise as to whether samples taken from the
uncapped perforated well casings are truly representative of ground-
water movement or whether they may reflect infiltration of surface
water into the well. The system has been improved through the addition

of new wells strategically placed in optimum locations for monitoring
of groundwater movement. All recent wells and those planned for the

future are constructed using a 10 cm (4 in.) diam PVC tube casing.

Despite the inadequacies of the system, much useful information has




4-89

been obtained from the monitoring wells to characterize radionuclide
transport quantities and mechanismé within the SWSAs.

As of 1974, a total of 12, 60, 30, and 47 monitoring wells were
present in and around SWSA-3, -4, -5, and -6 respectively. These wells

are illustrated on Figs. 4.52, 4.53, 4.25, and 4.29 respectively. At
the request of the ORNL Environmental Coordinator, a revised monitoring
well design for the SWSAs was developed early in 1981.16  The design
utilized many of the existing wells plus the previocusly mentioned con-
struction of several new wells. The current monitoring system consists
of a total of 101 wells which are monitored routinely by Industrial
Safety and Applied Health Physics Division personnel.

4.,6.3 Streamflow Monitoring System

A network of monitoring stations (Fig. 4.54), known as the Stream-
flow Monitoring System, 1s utilized to monitor flow and radionuclide
concentration of surface waters both within the Laboratory and at the
point of release from the LaSoratory Reservation to the Clinch River.
The original system consisted of five stations. Station 1 is located a
short distance below the now ébandoned process waste settling basin and
the Process Waste Treatment Plant and monitors the effluent discharge
from the Plant. Station 2 is located a short distance upstream of Sta-
tion 1 and the Waste Treatment Plant and provides a baseline for evalu-
ating the data received from Station 1. Stations 3 and 4 are located
on White Oak Creek and Melton Branch, respectively, a short distance
upstream of their confluence and provide information on the contaminant
contribution from each valley. Station 5, located at White Oak Dam,
collects data on the radionuclide content of water leaving White Qak
Lake and serves as the final reporting station for surface water efflu-

ents before they leave Laboratory control and enter the Clinch River.
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Stations 1 and 2 continuously monitor beta—-gamma activity in the .
streamflow. Flow-proportional samples are collected at Station 2 and
composited for monthly analysis. At Stations 3 and 4, discharge is
measured by Cipolletti Weirs, and water is pumped continuously through
the system for counting of beta and gamma activity and for proportional
sampling. Dissolved oxygen, temperature, and pH are also monitored.
Samples are collected at Station 5 by a continuous proportional sampler
also and are analyzed for gross activity and for specific isotopes as
well as heavy metal content.

This system functioned very well for monitoring total effluent
releases but was not adequate for identifying the source of these
releases, in particular, releases from the SWSAs. To gain better
definition of the radionuclide sources, five additional monitoring
stations have been either constructed or reactivated. One of thesa
additional stations is located on White Oak Creek between Statinns 1
and 3 and upstream of SWSA-4 to provide additiomal information on

releases from SWSA-4. The other two new statinus are located near the

southeast corner of SWSA-5 on Melton Branch and nne of its tributaries
to provide better definition of the effluents frou SWSA-5. Two other
stations, the East Weir and West Weir, have recently been reactivated
primarily to determine radionuclide movement from the abandoned ILW

pits and trenches. These stations are located on two tributaries of
White Oak Creek between Stations 3 and 5. Flow proportional saaples

are collected at all these locations and provide a greater understanding
of radionuclide movement within the White Oak Creek Watershed.

One other deficiency in the system involves the inability of Sta-
tions 3, 4, and 5 to measure high flow sometimes encouantered during
periods of unusually high rainfall. This situation, occurring, on the
average, two to three times per year, causes the weirs to overflow thus
rendering them ineffective for measuring the streanflow and consequently
making it impossible to obtain a flow proportional sample. A mulci-
million dollar project is currently under construction to rebuild Sta-
tions 3, 4, and 5 and provide sufficient capacity for obtaining flow
proportional samples under the maximum expected flow conditions. The
new stations should be operational during FY-83. .
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4.7 SOLID WASTE STATISTICS

Detailed records are kept of SWSA usage and are published quarterly
in the "Solid Waste Storage Management Quarterly Report.” In recent
years the wastes have been segregated into transuranic, fissile, high-
level, etc.; and totals have been accumulated for individual categories.
The following tables summarize information from the quartecly reports
and other sources and provide data regarding the total waste volunes,

curies, land usage, etc., through FY~81.

Table 4.5. Land used for solid waste disposal

Total (all SWSA) SWSA-5 SWSA-6
meters? (acres) meters?2 (acres) meters? {acres)
P;ior to .

FY-82 356,7443 . (88.17)2 202,452  (50.04)3 30,4663 (7.53)2
FY 1981 1,875 (0.46) 63 (0.02) 1,519 (0.39)
FY 1980 2,840 (0.70) 8 (0.002) 2,832 (0.70)
FY 1979 3,277 (0.81) 81 (0.02) 3,196 (9.79)
FY 1978 3,237 (0.80) 81 (0.02) 3,156 (0.78)
FY 1977 3,196 (0.79) 202 (0.05) 2,994 (2.74)
TQ 1976° 1,052 (0.26) 41 (0.01) 1,012  (0.25)
FY 1976 4,046 (1.00) 364 (2.99) 3,482 (V.91)
FY 1975 4,248 (1.05) 41 (0.01) 4,208 (1.04)

3Corrected to most recent civil engineering data.

bThird Quarter FY 1976 - see Note (A) Table 4.7.
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Table 4.7.
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Total annual activity, volume, and weight

of solid waste buried or stored

Fiscal year Activity (Ci) Volume (ﬁt3) Volune (m3) Weight (1b) Weight (kg)
43 2.0 x 103 2.5 x 104 700 3.0 x 10° 1.4 x 103
44 2.0 x 103 2.5 x 104 700 3.0 x 105 1.4 x 105
45 2.0 x 103 2.5 x 10% 700 3.0 x 10° 1.4 x 103
46 2.0 x 103 2.5 x 10% 700 3.0 x 10° 1.4 x 10°
47 1.0 x 104 1.4 x 10° 3960 2.0 x 10% 1.4 x 10
48 1.0 x 10% 1.4 x 107 3960 2.0 x 105 1.4 x 103
49 1.0 x 104 1.4 x 103 3960 2.0 x 106 1.4 x 105
50 1.0 x 104 1.4 x 10° 3960 2.0 x 108 1.4 x 103
51 1.0 x 10% 1.4 x 103 3960 2.0 x 106 1.4 x 103
52 1.0 x 104 2.0 x 105 5660 2.0 x 106 1.4 x 103
53 1.0 x 10% 2.0 x 103 5660 2.0 x 106 1.4 x 103
54 1.0 x 10% 2.0 x 103 5660 2.0 x 106 1.4 x 103
55 1.0 x 10% 2.0 x 10° 5660 2.0 x 10® 1.4 x 109
56 1.0 x 104 2.0 x 105 5660 2.0 x 106 1.4 x 103
57 2.0 x 104 2.0 x 10% 9060 4.0 x 10® 1.8 x 109
58 2.0 x 104 3.2 x 103 9060 4.0 x 106 1.8 x 106
59 2.0 x 10% 3.2 x 105 9060 4.0 x 105 1.8 x 108
60 2.0 x 104 3.2 x 103 9060 4.0 x 106 1.8 x 106
61 4.0 x 10% 5.31 x 10 15000 6.0 x 106 2.7 x 108
62 3.0 x 10% 4.24 x 10° 12000 5.0 x 106 2.3 x 106
63 2.0 x 10% 3.33 x 103 9430 4.0 x 106 1.8 x 106
64 2.0 x 104 3.21 x 105 9090 4.0 x 109 1.8 x 108
65 1.0 x 10% 1.89 x 105 5350 2.0 x 106 9.1 x 103
66 1.0 x 10% 1.59 x 195 4500 2.0 x 108 9.1 x 10
67 1.0 x 10* 1.99 x 10% 5640 2.0 x 10® 9.1 x 103
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Table 4.7. (continued) .

Fiscal year Activity (Ci) Volume (ft3) Volume (m3) Weight (1b) Weight (kg)

68 2.0 x 104  2.42 x 10° 6850 3.0 x 106 1.4 x 108
69 1.0 x 104  1.92 x 10° 5440 2.0 x 109 9.1 x 10°
70 1.0 x 10% 1.28 x 10° 3630 1.0 x 100 4.5 x 103
71 1.1 x 104  1.67 x 105 4730 2.29 x 106 1.0 x 106
72 1.0 x 104  1.29 x 10° 13650 1.90 x 109 8.6 x 10
73 9.0 x 103  1.07 x 105 3030 1.57 x 106 7.1 x 103
74 8.8 x 103  1.20 x 10° 3400 1.55 x 108 7.0 x 10
75 2.0 x 103 1.12 x 10° 3170 1.41 x 108 6.4 x 10°
76(A) 1.1 x 10  1.25 x 10° 3540 1.49 x 106 6.8 x 10°
77 2.0 x 10%  7.77 x 103 2200 6.37 x 10° 1.7 x 10°
78 5.25 x 103  8.32 x 10° 2360 9.24 x 10° 4.2 x 107
79 5.55 x 104  7.45 x 104 2110 1.34 x 106 6.1 x 10.
80 6.32 x 10  8.29 x 104 2350 1.31 x 106 6.0 x 103
81 1.16 x 105  6.37 x 10% - 1800 1.68 x 106 7.6 x 10

(A)July 1, 1975 through September 30, 1976 - Reflects change in
fiscal year to begin in October.
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Table 4.9.
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Low~level alpha wastes in retrievable storage =~

Buildings 7826 and 7834

Volume Transuranium Number of
3 3 233 stainless steel

o (fe?) and U (g) drums

Prior to FY-82 404.4  (14,283) 12,326 1504°
FY 1981 35.4 (1,220) 814 129
FY 1980 30.0 (1,061) 335 133
FY 1979 32.7 (1,156) 813 145
FY 1978 34.1 (1,204) 585 151
FY 1977 15.5 (548) 1,294 69
TQ FY 1976 12.9 (456) 1,053 57
FY 1976 46.32  (1,634) 2,352 205
FY 1975 42.1%  (1,488) 1,761 130
1974 30.7%  (1,086) 1,176 137

FY

8yolumes corrected for blue boxes buried in previous years.

bAn additional 277 black iron drums prior to FY-74 are stored.




4-100

Table 4.10. Fissile waste in SWSAs

Volume Fissile Number of Number of

m3 (ft3) isotopes (g) auger holes trenches
Prior to FY~82  325.4 (11,494) 22,833 222 8
FY 1381 0.4 (12) 210 0
FY 1380 2.7 (60) 958 0
FY 1979 0.4 (13) 39 0
FY 1978 2.5 (87) 1,261 14 0
FY 1977 5.7 (200) 1,728 8 0
TQ FY 1376 0.2 (8) 2 1 0
FY 1376 3.5 (123) 1,225 6 1
FY 1375 50.5 (1,784) 1,992 7 4
FY 1974 58.9 (2,082) 1,915 9 1
FY 1973 33.83  (1,195) 2,128 40 0
FY 1972 101.2  (3,576) 7,289 76 1
FY 19718 48.3  (1,705) 2,784 36. 1
FY 1370° 17.4 (613) . 1,302 16 0

2Transuranium Waste Storage Facility initiated October 1970.
bFitst year of separation of transuranic from nontransuranic waste.
Prior to this, wastes contalning isotopes 233U, 2350, and 23%py were

placed below grade in the same section, SWSA-S.
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5. ACCIDENT ANALYSIS

This section describes and discusses accident situations which
could conceivably occur with respect to SWSA operation and evaluates
their consequences. For ease in understanding, the discussion is
grouped in terms of impact of normal operations, accidents related to
buried (nonretrievable) waste, accidents related to stored (retriev-
able) waste, and accidents related to the Waste Compactor Facility.
This grouping allows for an orderly discussion of all reasonable acci-
dent situations without addressing each of the numerous types of waste
ian the SWSAs.

This discussion is restricted primarily to the short-term safety
considerations of SWSA operation and does not consider long-term occur-
rences such as are frequently considered in waste immohilization and
disposal studies. This allows elimination from consideratinn of such
events as meteorite strikes,.long-term unchecked erosisn, reclamation,

and loss of institutional control which either have extremely low prob-

abilities of occurrence in the near future or ara beyond the scope of
this study. 1In general, this study restricts itself to the day-to-day
operational safety of the storage areas with consideration for any
health or safety hazards resulting from the collection handling, dispo-
sal and short-term physical containment of radiocactive solid waste; hut
it does not address the question of long-term disposal and {amobiliza-
tion of the material through its hazardous lifetime. This is the sub-

ject of another field of endeavor and {s beyond the scope of this
report.

5.1 RADIOLOGICAL IMPACT OF NORMAL OPERATIONS

All normal SWSA operations are conducted in a manner such that
their radfological impact to personnel and the environment is minimal.
A major portion of the solid waste collected and disposed of in the
ORNL SWSAs is low-level waste which requires no special shielding con-
Sideracions for handling and disposal. The waste {s packaged by the
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generator in appropriate containers. This packaging minimizes the
possibility of spreading the contamination during transport, handling,
and disposal operations. Most low-level waste is transported and dis-
posed of utilizing the dumpster in which the waste 1is accumulated
resulting in minimal interaction between SWSA persounnel and the waste.

Handling of higher level waste ié accomplished in accordance with
the ORNL Health Physics Procedure Manual. Health Physics Procedure 3.6
requires a Radiation Work Permit when the expected dose is greater than
20 mrem to the body or 300 mrem to extremities during a regular work
shift; when the dose rate i{s greater than 5 rem/h (total body); when
airborne radicactivity is greater than the established MPC for a 40-h
week; or when otherwise specified or required by established rules or
procedure. The Radiation Work Permit is authorized by the member of
supervision respoasible for the work being done and must be certified
by a representative of Industrial Safety and Applied Health Physics.
The permit describes the job, the location, contains information con-
cerning the type and magnitude of radiation hazard involved, and speci-
fies the precautions and necessary protective equipment and meonitoring
instruments required.

Special approvals and possibly committee reviews are required when
radiation or coatamination levels exceed specified 1limits in Procedure
3.6 of the Health Physics Procedure Manual. All personnel involved in
waste storage operations are required to wear personal dosimeters and
pocket meters in addition to the normal badge dosimeter. These dosi-
meters and pocket meters are monitored by Health Physics personnel in
accordance with the Health Physics Procedure #anual.

Solid waste disposal operations is somewhat unique in that it
involves controlled releases of radioactivity to the environment through
burial of the radioactive waste. With the exception of the retrievably
stored transuranic waste, little attempt is made to permanenciy isolate
the radionuclides from the soil in which they are deposited. Instead,
the soil itself acts as the primary containment for the radioauclides.

Although releases do occur, numerous years of disposal and monitoring
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has indicated that the ORNL SWSAs present no significant hazard to the

environment or public population outside the Laboratory.

The monitoring and reporting of radionuclide seepage from the
SWSAs are handled primarily by the Laboratory's Environmental Sciences
Division and Environmental Coordinator's Office which periodically
reports the release data. The magnitude of the problem can adequately
be illustrated by Tables 5.1 and 5.2 which present the total 30sr dis-
charge, the primary radionuclide of concern, from SWSA-4 and SWSA-5
respectively. This data was determined through analysis of proportional
samples at various points in the Stream Flow Monitoring System. By sam=~
pling at different stations and observing the differences, the contribu-
tion from specific areas can be determined. To place these values in
perspective it is necessary to look at the concentration of 30sr in the
Clinch River just outside the reservation- boundaries. The most restric-
tive MPC value given in DOE order 5480.1A, Chapter XI (ERDAM-0524) for
90sr in water is 3 x 10~/ uCi/ml. With an average Clinch River flow of
133 m3/s, an annual average release of over 12 curies yer year would be

required to exceed an annual average of 1 percent of the above MPC in

the Clinch River. Even the largest discharges in Tables 5.1 and 5.2

are less than half this amount.

All reasonable measures are taken to reduce these seepage releases
from the SWSAs as much as possible. Land surface erosion is controlled
through seeding with grass when an area is closed. Trees and underbrush
that might send roots into a closed trench are removed and the areas are
fenced and appropriately identified as hazardous waste storage areas.
Paved conductor ditches have been installed in several areas of the stor-
age areas to serve as runoff diversion systems and improve the surface
drainage of the areas. Near-surface seals have been used in special
problem areas to reduce seepage. One sealing method involves stripping

away the overburden from the area, sealing with a PVC membrane and then
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Table 5.1. Discharge of 90sr from SWSA-4 and precipitation
data for water - years 1963 through 1977

Total 90sy Discharge
Water Precipitation 90

- yeard (cm) discharge of Sr

(C1) (nCi/cm)
1963 140.5 4.82 34.3
1964 106.9 2.98 27.9
1965 132.0 3.10 23.5
1966 103.8 ' 2.52 24.3
1967 153.8 2.72 17.7
1968 114.3 2.04 17.8
1969 101.8 ’ 2.08 20.4
1970 121.7 1.60 13.1
1971 122.6 1.18 9.6
1972 120.4 2.36 19.6
1973 181.0 1.58 8.7
1974 174.7 5.22 29.9
1975 146.6 - 3.22 21.9
1976 123.9 5.12 41.3
1977 129.1 2.27 17.6

8Water year is September 1 through August 31.
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Table 5.2. Discharge of 90sr from swsa-5 and precipitation .
data for water - years 1967 through 1977

Total 20sr Discharge
Water Precipitation 90

a discharge of St

year (cm)

(cli) (wCi/cm)
1967 153.8 0.89 5.8
1968 114.3 2.84 24.8
1969 101.8 0.88 8.7
1970 121.7 g.93 7.6
1971 122.6 0.58 4.7
1972 120.4 0.81 6.7
1973 181.0 1.43 7.9
1974 174.7 1.39 7.9
1975 146.6 » 2.07 14.1
1976 123.9 0.75 5.8
1977 129.1 0.43 3.4

8Yater year is September 1 through August 31.
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. rep}lacing the overburden and reseeding. -Figure 5.1 illustrates a near-
surface seal in SWSA-5. In this instance, two concrete trench dams
were also installed to compartmentalize the trench and retard ground-
water movement. A second method of surface sealing, illustrated in
- Fig. 5.2, involves installation of a bentonite-~shale mixture in a manner

similar to the PVC seal. Surface contouring is also used to divert run=-
off away from problem areas.

Improvements such as those above are being made and evaluated on a
continuing basis to ensure maximum achievable confinement of the radio-
nuclides in the storage areas.

5.2 BURIED WASTE ACCIDENTS

5.2.1 Releases During Transport and Disposal

The potential for release of radioactive material during transport
of solid waste to the storage areas has been minimized. The requirements
. for packaging ensure that the waste is capable of being transported to
the storage ar2a and disposed of without undue personnel exposures or
any releases of radioactive material under normal conditions. Low-level
wastes are packaged in plastic bags or bucket type waste containers and
then placed in the low-level dumpsters. High-level material is placed
in an appropriate shielded container before being turned over to SWSA
personnel for transport and disposal. Existing procedures adequately
define transporta:lon,lo testing of equipment,4 Health Physies consider-
ations,3 responsibilities,2 and procedures to follow in the event of an
accident during transport of a shielded carrier.3'5 Transportation of
all radiocactive waste to the storage areas is accomplished on ORNL lim-
ited access roads thus minimizing any exposures to the general public
as a result of a transportation accident. Buried waste, by definition,

contains less than 10 nCi/g of transuranics; and thus, exposure to,

ingestion, or inhalation of long-lived alpha emitters is not a major
consideration.
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Operating experience has demonstrated that little probability

exists for a major release as a result of solid waste transportation .
and disposal operations. However, situations can be postulated where
this could occur. A shielded cask could be dropped while being loaded
or unloaded from the transport vehicle or could fall from the vehicle
while in route to the storage area. The worst case would be for the
cask to fall to the ground opening one door and exposing the inner con-
tainer. The cask construction is such thac.no significant damage would
occur to the cask in such a fall; and thus, the inner coantainer would
remain intact. Although the door 1s assumed to open, this i{s also
somewhat improbable due to. a safety latch on the door. With the inner
container intact, there would be no significant spread of contaminacion
from the cask but a radiation field would exist in the vicinity of the
open end of the cask. The magnitude of this field would vary tremen-
dously depending on the specific material in the cask. The area would
be evacuated until Health Physics personnel had determined the extent

of the problem, at which point measures would be taken to close the cask
or shield it in some appropriate manner. .

A low—level waste dumpster could also be dropped during transport .
causing it to open and spill its contents. Since the waste 1is packaged
before being placed in a-dumpster, some containment of the waste would
likely remain. The waste which is not contained would be spread around
the area of the accident. Again, the first step would be to evacuate
the area until Health Physics personnel are notified and have evaluated
the situation. Since all low-level waste exhiblts radiation levels less
than 200 mrem/h at the surface of the container, radiation exposures
would not be a major problem. Access to the area would be restricted
until the spilled material could be cleaned up and the area surveyed
and decontaminated as necessary.

The major result of either of the above situations would be lost
time and expense for cleanup. Little environmental or personal injury
would result. Speed limits within the Laboratory ensure that little
probability exists for accidents involving high velocity impacts of

either dumpsters or shielded casks.
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5.2.2 Natural Phenomena

The effects of natural phenomena on buried waste are minimal as
the wastes are stored below grade. Tornados and other high winds would
create little or no potential for an accident situation due to the min-
imum 3 ft of overburden in each waste trench. Floods also would have
little influence on buried waste. As illustrated in Fig. 3.20, most of
the SWSAs are outside of even the maximum probable flood plain. A small
area of SWSA~6 and SWSA~1 would be covered during the maximum probable
flood; however, this would do little more than temporafily increase the
radionuclide transport in the trenches due to the excess groundwater.

It is not probable that there would be enough sediment transport to remove
the 3 ft cover from a trench and expose or remove the waste.

A tornado could create a significant hazard in the event a tornado
funnel were to pass directly over an open trench which contained waste
but had not been backfilled. 1In this event, the waste could be scat-
tered over a considerable area and would be difficult to clean up.
Reference to Section 3, however, indicates a very low probability for a
tornado on the reservation and this is not considered to be a signifi-
cant risk.

An earthquake in the vicinity of the Laboratory could create an
accident situation by opening a fissure through one or more trenches in
one of the SWSAs and possibly exposing the waste in the trench. Some
scattering of the material would probably occur locally. This situation
would present a clean;up problem requiring radiation survey and removal
of contaminated soil in the area for reburial. The trench could then
be refilled with clean soil. Little personnel exposure would result if

appropriate clean-up procedures are followed and little environmental

insult would occur outside the immediate area.
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5.2.3 Fire , .

Low-level buried waste contains wood, paper, cloth, and other com-

bustible materials and thus presents a potential fire hazard. Small
fires have occurred very infrequently in the past primarily in waste
trenches. The resulting damage and contamination from these fires has
been very minimal and demonstrates the effectiveness of Laboratory per-
sonnel in handling this situation. High-level buried waste is essen-
tially noncombustible and presents little fire hazard.

Fire involving low-level buried waste could occur within a dumpster
in the main Laboratory area or in route to the storage area, or by coa-
bustion of the waste emplaced in a trench which has not yet been back-
filled. To this date a fire has not occurred in a dumpster. All the
waste 1ls packaged before being placed in a dumpster and has limited
oxygen for combustion. Additionally, in recent years, the dumpsters
are kept locked and Health Physics personnel must be present to unlock
the dumpster and witness the transfer of waste to the dumpster. This
ensures more rigid control oﬁ vhat is being placed in dumpsters. If,

however, a fire did occur inside a dumpster, the event would be reported

to the ORNL Fire Department which is on duty 24 hours per day and has
firefighters trained in the handling of radioactive fires. A Health
Physics surveyor responds to all fire alarms as a part of the emergency
team and would ensure that the area was evacuated, if necessary, and
that the individuals involved in cohbating the fire had adequate safety
equipment. When the fire is adequately contained, the area would be
surveyed and any necessary clean-up or decontamination operation ini-
tiated. The dumpster, when closed, would provide some containment of
the radiocactivity released by the fire as well as restricting the flow
of oxygen to the fire.

A fire occurring in a partially filled trench would be handled in
bagically the same manner with the fire department responding to the
fire followed by appropriate cleanup of the area, burial of contaminated
soil, ete. Trench fires have occurred in the past with little internal

or external personnel exposure or spread of contamination. Appendix A
containg an evaluation of the results of a hypothetical trench fire.
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No unreacted liquid metals, organics, or other flammable liquids
are routinely disposed of in the SWSAs. Pyrophorics, oxidizing agents,
and other such materials also are not routinely accepted in the storage

areas. If materials such as these are disposed of in the storage areas,
the disposal would be handled as a special case with special approvals,

procedures, and precautions as necessary.

5.2.4 Trench Subsidence

As buried waste containers deteriorate and decompose in the SWSAs,
trench subsidence sometimes occurs. This presents no major safety haz-
ards and is handled routinely as a part of the SWSA maintenance opera-
tions. Normally, when there is trench subsidence, the waste is not
exposed and there is no potential for radiation exposures or spread of
contamination. In the event the waste is exposed, appropriate pre-
cautions would be taken to prevent radiation exposures either inter-
nally or externally. The surrounding area would be surveyed for
contamination and cleaned if neceésary.

When trench subsidence occurs, it is noticed quickly through rou- x
tine surveillance operations. All individuals who normally perfornm
maintenance activities or disposal activities in the storage areas are

aware of the importance of reporting any subsidence to SWSA management.
When trench subsidence is discovered, clean fill dirt is brought in and
the trench is refilled to its original level.

5.3 STORED WASTE ACCIDENTS

5.3.1 Releases During Transport and Disposal

Little potential exists for a release of radiocactive material during
transport and disposal of stored waste. The stored waste is packaged
in either stainless steel canisters or concrete casks for higher-level
waste and in stainless steel drums for lower-level (less than 200 mrem/h)

waste. The packaging for all stored waste is designed to maintain integ-

rity and prevent release of any of the transuranic waste for a minimum
of 20 years.
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The stainless steel canisters are either fully welded comstruction .
or may contain a flanged end for loading the waste. The waste is loaded
in the canister inside a hot cell, and the canister is placed in a
shielded carrier similar to the ones used for tranport of the high-level
buried waste. As in Section 5.2.1, the carrier could either be dropped
by a crane or from the transport vehicle, and the access cover could
conceivably open and expose the contents. The waste is contained in
the stainless steel canister inside the cask and would not likely be
released. A large radiation field would exist through the opeu carrier
and appropriate Health Physics precautions would be taken until the car-
rier could be closed or sufficiently shielded. The radiation lavel of
the inner canister varies widely, but expertence indicatas that nost
would indicate less than 2,000 rem/h at oane foot. This would result {n
readings of 20 rem/h at 10 ft and 0.2 rem/h at 100 ft. Both distance
and temporary shielding could be used in minimizing personnel exposures
in returning the canister to the carrier.

The concrete casks are also loaded in hot cells and transported to

the storage areas on low-boy trailers. Detailed procedures exist for
the loading and transport of the concrete casks. The procedure speci-
fies the load capabilities of the traasport vehicle and the liftiang
equipment. It calls for visual {nspection of all lifting slings before
each lift of the cask. All slings are certified for use through norual

ORNL safety procedures. The procedure also calls for an escort vehicle

"with flashing lights both ia front and behind the traansport trailer.

The precautions outlined in the procedura minimize the possibility of a
dropped cask or of a traasport accident in route to the storage Aarea.
However, the cask construction is reinforced concrete, and there is
little chance that the cask would be ruptured {f dropped the short dis-
tances involved in loading and transporting to the storage area. Addi-
tionally, the waste inside the cask {s packaged ia metal or plastic
containers and surrounded by a layer of plastic. The probability is
very small that any contamination would be rezleased from the cask as a

result of any transport accident.
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The low-level stored waste 1is packaged in stainless steel drums
with a plastic liner inside the drum as a minimum. The most likely
situation for damaging one of these drums is during the loading process
at the storage facility. The drums are placed in a staging facility,
Building 7823, temporarily until several have accumulated and then are
moved into the permanent storage facility, either Building 7826 or 7834.
The drums are lifted into the facility four at a time with a crane. If
a drum were dropped during the loading operation into the storage facil-
ity, the drum could fall as far as 16 to 18 ft to a concrete floor slab
if the cell being loaded were empty. This drop could rupture the drum
and expose the material inside. Due to the low level of the waste,
radiation would not be a major problem. The problem would be in clean-
iag up any released material. If necessary, the cell could be sealed
off and a temporary ventilation system placed in service to contain the
radioactivity. Personnel appropriately dressed could then enter the
cell and clean and decontaminate the cell. The ruptured container and
its contents could either be placed in an overpack drum and stored in
the facility, or the drum and its content could be bagged out and car-
ried to a hot cell where the material could be repackaged into another
drum and replaced in the facility.

The drums are approved transport drums for radioactive waste, DOT
Spec 17H11; and there is little possibility that a drum would be rup~

tured during the low-speed transport from the Laboratory to the storage
area.

5.3.2 Natural Phenomena

All stored waste is located in SWSA-5/north in special trenches or
concrete storage facilities. All these facilities are well above the
maximum probable flood elevation of 240.9 m (790.5 ft) and would not be
subject to flood damage. The buried casks are in trenches below grade
and would not be subject to tornado damage. An earthquake could expose

a cask in the trench but would not likely rupture the cask. The con-

crete provides adequate shielding for personnel protection if the cask
is exposed.
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The stainless steel wells also are below grade and would not be .
subject to either earthquake or tornado damage. The concrete plugs
cannot be removed by the assumed design basis tornado, and the double
stainless steel containment ensures that the material would remain con=-
tained during am earthquake. The concrete slab on the surface of the
well facility would provide adequate shielding for personnel protection.

All the concrete cask and drum storage facilities 7826, 7834, and
7855, are designed and conmstructed in accordance with the NRC Regulatory
Guide 1.76 tornado specifications and the Zone 2 seismic requirements
specified in the Uniform Building Code. The sheet metal roof sections
of Building 7826 could be removed during a tornado, but the structural
steel framework below would prevent the drums from being removed. The
concrete plugs in Building 7834 are too heavy to be removed by the assumed
design basis tornado.

The staging facility, Building 7823, is not designed for tornado
and earthquake resistance and would be subject to damage. The facility,
however, is mostly below gradé with only the overhanging saddle roof
exposed. A tornado would likely remove this roof, but the steel struc- ‘
ture of the building should remain intact. The remaining structure and
the below-grade position of the stored drums would offer protection from
the tornado forces. The drums would be scattered within the structure
and possibly some would be ruptured, but the fencing attached to the
roof structure would prevent any drums from being removed from the facil-
ity. Some material from the ruptured drums would be removed from the
facility and redeposited elsewhere. The use of the facility for tempor-
ary collection of drums until enough have accumulated to justify transfer
to a cell in the permanent facility ensure that a maximum of one cell's
drums, 80 drums, will be present in the staging facility at any given
time and thus will minimize the amount of material which could be dis-
tributed. This, in conjunction with the very low probability of a tor-
nado on the ORNL Reservation, greatly reduces the risk of a significant

environmental insult from the drums in the staging facility.
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5.3.3 Fire

The packaging of all stored waste in closed containers such as the
canisters, drums, and casks leaves little chance for the initiation of
a fire in any of the stored waste. Most of the combustible material is
contained in the low~level stainless steel drums. In the event a fire
did occur, the drums would reduce the probability of the fire spreading
to another drum. Additionally, the compartmentalization of the storage
facility would restrict the combustion to a single cell. The fire
department would be notified and the fire would be extinguished after
which cleanup would be initiated. If necessary, a temporary contain-
ment system could be placed on the subject cell to facilitate contain-
ment of any released material.

As with the stored waste, pyrophoric materials, organics, and other
such materials are accepted only under special conditions and with spe-

cial handling with due regard for the hazardous nature of the material.

5.3.4 Loss of Container Integrity

The drum and casks in the Storage Facilities 7826, 7834, and 7855
can be monitored for loss of container integrity through use of sampling
basins in the building drain system, through air sampling of the ports
in the top of each cell, or possibly, through the use of a borescope or
other optical device entering the facility through the roof ports. 1If
a drum deteriorates to an unacceptable condition, the cell can be opened;
and the subject drum can be placed in an overpack drum designed to con-
tain the 55-gallon drums. These overpack drums are constructed of mild
steel and stocked in limited supply to be available when needed. The
overpack drum can be restored in the facility or can be removed to a
hot cell or other contained area for repackaging of the contents of the
suspect drum. .

If a drum has deteriorated to the point of releasing material into
the cell, a containment enclosure could be constructed over the subject

cell, the plug removed, and the material bagged out and removed to a hot

cell for repackaging; or the material could be placed in an overpack drum.
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The concrete casks are not expected to deteriorate within the stor- ‘
age facility but may be inspected through the methods above for any signs
of an unusual problem. The stainless steel canisters in the wells are
likewise not expected to encounter any deterioration problems; however,

they may be inspected if desired by removal of the plug and viewing the
canister with a mirror or other optical wmethod.

5.4 WASTE COMPACTOR FACILITY ACCIDENTS

5.4.1 Releases During Transportation

Compactible waste is a segregated form of low-level bhuried waste
and thus is subject to the same transportation hazards as outlined in
Section 5.2.1. Compactible waste is collected in special dumpsters and
transported via the same methods as the buried waste. 1f a dumpster
were to be dropped or damaged, some local spread of contamination would
ﬁrobably result. Appropriate measures would then be taken to clean up
the area and little permanent damage or contamination would result.

Once the waste has been compacted into bales and is ready for ‘
burial, the potential for release decreases due to the tightly bound
nature of the bales. As additional protection, each bale i{s enclosed

in plastic during the compaction process.

5.4.2 Process Incidents

The probability of a significant hazard resulting from a process
incident at the Waste Compactor Facility is minimal. Only general low-
level waste with a radiation level of 200 mrem/h or less is compacted
at the facility. This material is segregated by the generator and {s
packaged and tagged for compaction. The generator ensures that the
exterior surface of the package (plastic bag) is free of transferable
surface contamination (transferable surface contamianation measured by
standard smear method is less than 30 dpa/100 cm? for alpha emitters and

1000 dpm/100 cm2 for beta and/or gamma emitters). Compactor operating
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personnel are cautious not to open the package in normal operations.
This ensures that the potential for spread of contamination inside the
facility is very low.

The compactor contains a ventilation system with HEPA filtration.
Air from the operating area is exhausted through the compactor ventila-
tion system to the outside when the compactor is operating. The air in
the operating area {s sampled by constant air monitors (both alpha and
beta/gamma) which activate a local alarm if abnormal amounts of air-
borne activity are detected. If the alarm sounds, the.building would
be evacuated and the equipment shut down until a Health Physics Surveyor
monitors the area and determines that the facility is safe to enter.

Before compaction operations are initiated, the dumpster pan and
its contents are visually checked by the operator to determine if the
waste is properly packaged. Radiation readings are taken as deemed
necessary and, 1f external contamination is suspected, smears are taken
of representative packages and from the interior of the dumpster. The
results of the survey will be evaluated by the SWSA supervisor and, if
satisfactory, operations are initiated. The compactor exhaust must be
functioning properly before compaction may begin. If any loose con-
tamination i{s released by the compaction process, it 1is removed in the
ventilation system and captured in the HEPA filters. The compactor and
compactor room are monitored periodically during operation, and a Health
Physics survey is completed at the end of each day in which the unit is
operated.

After the dumpster is unloaded, the inside and outside surfaces are
surveyed and cleaned as necessary prior to its being returned to collec-
tion service. Transferable contamination guidelines of 100 dpm/100 cm?
beta/gamma and 30 dpm/100 cm? alpha are used in the cleaning process.
The conmpacted bale is enclosed in plastic to contain any possible loose
contamination during transport to the disposal trench.




5.4.3 Natural Phenomena ‘

The Waste Compactor Facility is located in SWSA-5/north near the
retrievable waste storage facilities and is well above the maximum prob-
able flood plain. Earthquakes and tornadoes were considered during the
design phase of the facility and, due to the small amount of material
present in the facility at any given time (equivalent to approximately
one bale of compacted waste) and the low radiotoxicity of that material,
it did not appear necessary or ﬁractical to design the facility for the
design basis earthquake or tornado. The facility was designed to meet
the Southern Building Code except for wind loading. A wind load of 25
lbs/ft2 (100 mph wind) was used. In the highly improbable event an
earthquake or tornado did destroy the facility, the small amount of
radiocactive material which would be scattered around the area would pre-

sent a minimal environmental impact.

S.4.4 Fire

The likelihood of a fire involving compactible waste is comparable .
to that of the buried waste (see Section 5.2.3). If a fire occurs in a
dunpster or in a trench, the Fire Department would be notified to extin-
quish it after which the appropriate clean~up operations would be initi-
ated. Minimal hazard to personnel or the environment would result.

Inside the compactor facility, the amount of combustible material
is maintained at a minimum. Only the volume of waste sufficient for the
operation in progress is stored inside the facility. Presorting of the
compactible waste by the generator ensures the absence of pyrophorics
and other such hazardous materials. The building is equipped with smoke
activated devices and manual pull boxes, both of which activate an alarm
in the ORNL Fire Department headquarters. Portable fire extinguishers

maintained and inspected by the ORNL Fire Department are located through-
out the building.




. 5.4.5 Ventilation System Failure

The ventilation system for the compactor consists of a fan, two
roughing filters and two HEPA filters in parallel, and associated instru-
mentation. The fan removes air from inéide the compactor chamber, passes
it through the filters, and then releases the air outside the building.
The air leakage into the chamber is from the operating area. The HVAC
system in the operating area does not provide secondary containment but
is primarily for heating and cooling. When the compactor ventilation
system is operating, the operating area HVAC system is modified to eli-
minate recycle and avoid upsetting the temperature conﬁtol of the area.
This is necessary because the recycle configuration would not meet the
increased air flow demands of the compactor ventilation and would pull
unconditioned air into the operating area.

A failure of the ventilation system would present no serious pro-
blems. The system only operates when waste is being compacted during
which time an operator is always p:es;nt. If the ventilation system
féils, the compactor would automatically be shut down by the monitnring

. instrumentation. With the. compactor inoperable, there would be little
potential for release of material inside the facility. Normal operating
procedure does not provide for containment ventilation of the waste either
before or after but only during the actual conmpaction process. The com-
pactor would remain inoperable until the ventilation was restarted.

If material were to be released into the operating area, it would
be detected by one of the two constant air monitors. The area Health
Physics Surveyor and the SWSA supervisor would immediately evaluate the
situation and take appropriate action.

5.4.6 Failure of Services

Failure of services to the Waste Compactor Facility would present no
hazard. A service failure would instantly shut down the compactor if it
were operating. As demonstrated in Section 5.4.5 above, the compactor

presents no potential hazard when inoperable. Previous experience has

demonstrated that loss of electricity at the Laboratory is a very unusual

. occurrence.
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5.5 IMPACT ON ADJACENT OPERATIONS .

Any hazardous occurrence in the SWSAs would have a minimal impact
on adjacent Laboratory operations. SWSA-5 and SWSA-6, the two currently
operating storage areas, are located in Melton Valley and are reasonably
secluded from the main Laboratory area. The only operating facility in
the near vicinity of either of these areas is the Solid Waste Compactor,
which is under the same supervision and control as the storage areas
themselves. No through traffic is allowed in the SWSAs and access 1is
limited to those involved in solid waste storage operations..

SWSA-1 and -2 are located in the central Laboratory area; however,
the dormant state of these storage areas provides little possibility of
any hazardous occurrence which would provide an immediate and unexpected
health hazard to Laboratory personnel. SWSA-6 is located in the vicin-
ity of Tennessee Highway 95 (White Wing Road), a public access road.
However, adequate fencing and security is provided to prevent encroach-
ment of any individual past the highway right-of-way. This provides an
adequately safe distance from the operations in SWSA-6. ‘

5.6 HUMAN ERROR

Human error could be a precursor to or contribute to several of the
accident conditions identified in the previous sections such as trans-
portation accidents, spread of contamination, fire, etc. The accidents
as they are discussed are generic with respect to cause and, thus, would
present no greater consequences or risk as a result of human error.

Two potential accidents with respect to waste compactor operations
do result directly from human error. These are external contamination
of the waste packages from the generator and shutdown or failure to
start the compactor ventilation system when compacting is in progress.
Health Physics personnel involvement by way of radiation surveys and
smears help reduce the risk from external contamination and automatic

shutdown circuitry prevent the compactor from operating without the ven-

tilation system functioning.
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. - Operating procedures for all SWSA operations as well as assistance
from Health Physics personnel in accordance with the Health Physics

Procedure Manual help reduce the consequences of human error in SWSA
operations.

5.7 RISK

The risk from potential abnormal operations and conceivable aceci-
dent situations are summarized in Table 5.3.
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6. QUALITY ASSURANCE

6.1 AQUALITY ASSURANCE PROGRAM DESCRIPTION

The ORNL Quality Assurance (QA) Program was developed to satisfy
requirements of OR 5700.6, '"Quality Assurance,"l in which it is
recognized "that normal industrial standard practice includes many
actions of a quality assurance nature which are considered routine.
These are quite sufficient to assure the quality. of many DOE programs
and projects, and may be relied upon when formal evaluation indicates
that quality problems will not have significant consequences.” The
ORNL QA Program requires formal QA assessments by personnel from such
disciplines as engineering, operations, QA, and safety. If the assess-
ment leads to the conclusion that a failure has unacceptable consequen-
ces and that probability of failure is high or unknown, then additional
actions are needed to lessen the probability of failure or to reduce the
consequences of that failure. In the QA Plan, the additional actioms,
the responsible organizatioﬁs or personnel, and dates for completion of
the actions are identified.

In addition to the QA assessments and QA plans, the ORNL QA Program
has procedures for controlling quality during all phases of a project.
These procedures require complete review of all components and systems

by appropriate personnel, including safety personnel. Design, construc-
tion, acceptance testing, operation, and maintenance of the project are
all included.

6.2 ORNL QUALITY ASSURANCE ORGANIZATION

Quality Assurance activities at ORNL are coordinated by the QA Pro-
gram Director, who reports to the Department Head for Quality Assurance
and Inspection. The staff of QA specialists are principally responsible
for QA audits, QA training and motivation, development of QA procedures,
Engineering QA liaison, and QA application. Their activities are guided
by the ORNL Quality Assurance Manual.? Each division has one or more

Quality Assurance Coordinators appointed by the division director to
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coordinate the QA activities within that division. The QA coordinators,
who are respoasible to their division directors for the QA activities

within their division, also inform the QA Program Director of division
QA activities.

6.3 OPERATIONS DIVISION QUALITY ASSURANCE PROGRAM

The Operations Division QA Program supplements that of the Labora-
tory and is outlined in the "Operations Division QA Manual."3 This
manual contains instructions about QA implementation of the standard QA
practices and job specifications for procurement of special materials
and fabrications. The "Operations Division Procedures”# contains infor-
mation abhout requirements for training and personnel qualifications,
operating procedures, facility design changes, incident reporting, and
operational audits.

6.4 SWSA OPERATIONS QUALITY ASSURANCE

The Division QA Manual3 is included by reference in the SWSA Opera-
ting Procedures which requires that all aspects of the QA program be met
in SWSA operations. A Quality Assurance Assessment for SWSA operations
is currently in preparation. This QA Assessment will identify the poten-
tial failure modes and concerns of the operations and will identify areas

where special QA actions may be necessary. The assessment will be

reviewed and approved by division management as well as divisional and

ORNL QA Program representatives.
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7. CONDUCT OF OPERATIONS

7.1 ORGANIZATIONAL STRUCTURE

The responsibility for the operation and maintenance of the SWSAs
and associated facilities lies with the ORNL Operations Division.
Responsibility was assumed by Operations from the Plant and Equipment
Division in July 1973. Day-to-day operations are carried out by the
Solid Waste Storage Group of the Radiocactive Waste Management Operations
Section (Fig. 7.1). All administrative functions of the operation are
handled through division management.

Programmatically, Solid Waste Storage Operatioas are a part of the
Nuclear Waste Program under the direction of the program manager for ORNL
Waste Management Operations (Fig. 7.2). Operations Division management is
responsible to the Executive Director for Support and Services; whereas,
Nuclear Fuel and Waste Programs management is responsible to the Associate
Director for Nuclear and Engineering Technologies, both of whom report to
the Laboratory Director (Fig. 7.3).

Close liaison is maintained with the Industrial Safety and Applied
Health Physics Division and the Plant and Equipment Division. The former
provides Health Physics surveillance for the operation, and the latter
supplies craft support personnel such as heavy equipment operators, truck
drivers, laborers, etc., who perform much of the actual work. Technical
support in the areas of hydrology and geology is provided by the ORNL
Environmental Sciences Division.

Additionally, the operation is under the surveillance of the Divi-
gsion Safety and Radiation Control Officer as well as the ORNL Office of
Operational Safety and the various Director's Review Committees. All
operations must conform to the requirements of the ORNL Health Physics
Procedure Manual as well as the Operations Division Radioactive Solid
Waste Operations Manual and other applicable division procedures. Con-
formance with the Operations Division Quality Assurance Manual and the ORNL
Quality Assurance and Inspection Section Procedures must be maintained

for all solid waste operations. Reviews will be held as necessary by
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ORNL-0OWG 83-8770 .

PROGRAM MANAGEMENT IS STRUCTURED
TO UNDERTAKE A BROAD EFFORT

NUCLEAR WASTE PROGRAMS
T.H, ROW DIRECTOR

WASTE MANAGEMENT PROGRAMS
REMEDIAL A
o seres rocnan
T. L. ASHWOOD o )
NATIONAL LOW-LEVEL WASTE WASTE PROCESS DEVELOPMENT
MANAGEMENT PROGRAM PROGRAMS
L.J. MEZGA, MANAGER W.W. PITT, MANAGER
ORNL LOW-LEVEL WASTE : WASTE ISOLATION PROGRAM
MANAGEMENT PROGRAM

S. H. STOW, MANAGER
N. H. CUTSHALL, MANAGER

WASTE MANAGEMENT HAZARDOUS WASTE
OPERATICNS PROGRAM TECHNOLOGY PROGRAM
J. D. SEASE, MANAGER L. D. EYMAN, COORDINATOR
BYPRODUCTS UTILIZATION FINANCE OFFICER
MANAGEMENT PROGRAM

J. C. BROWN
K.W. HAFF, MANAGER

QUALITY ASSURANCE
COORDINATOR

T.F.SCANLAN

Fig. 7.2. Nuclear fuel and waste programs organization.
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the Division Quality Assurance Coordinator. Quarterly operating reports .
and the Solid Waste Information Management System (SWIMS) reports reflect
conformance with the Quality Assurance Program. Other groups such as

the ORNL Environmental Coordinator's Office, the Laboratory Protection
Division, and the Industrial Hygiene Section participate in operations

as needed. The Safeguards and Special Materials Management Section (SSM
Office) of the Laboratory Protection Division maintains the official

inventaory records of source and special materials in the SWSAs.

Two Laboratory Director's Committees, the Radioactive Operations
Comnittee and the Criticality Committee, are involved in review and
approval of solid waste operations. The Radioactive Operations Commit-
tee is a group of knowledgeable individuals appointed by the Laboratory
Diractor with primary interface through the Office of Operational
Safety. The committee's duties involve review and acceptance of Labor-
atory facilities or processes handling significant quantities of radio~
active materials. These facilities include the solid, 1liquid, and

gaseous waste disposal facilities. The committee is concerned with such

{items as containment of radioactive material, completeness and accuracy
of the operator's safety analysis documentation, operating prodecure,
and the possibilities of interactions which lead to unplanned exposures
or coatamination.

The committee reviews all new facilities prior to initiation of
operations; reviews existing facilities whenever changes in operation
are proposed; aad periodically reviews more important facilities at
intervals of one to three years even through no changes in purpose or
scope have been made or requested. Frequency is dependent on the magni-
tude of the operatioan and the hazard involved.

In addition to periodic review of SWSA operations, the committee
also reviews, by request from the Office of Operational Safety, special
operatioans which are significantly different in some way such as radio-
activity content,‘physica; or chemical form, or bulk quantity or size

for which normal approved procedures do not exist.
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The Criticality Committee is established and functions {n much
the same manner as the Radiocactive Operations Committee. The Criti-
cality Committee has review and approval jurisdiction over operations
which involve handiing, storing, transporting, and disposing of signi-
ficant quantities of fissile materials. With respect to solid waste
operations, the committee has established limits on the quantities of
fissile material in each of the routinely used sclid waste disposal
containers and also disposal facilities such as auger holes. Approval
for opetatibns involving masses of fissile materials fn excess of the
established limits must be obtained by submission of a "Request for
Nuclear Safety Review"” to the committee. The committee will then make
recommendations regarding the specific operation. The committee pro-
vides information and assistance in problems involving criticality and
conducts a periodic review of each facility or balance area possessing
significant quantities of fissile material to ensure that approved

procedures are being followed.
7.2 OPERATING PRACTICE AND PROCEDURE

7.2.1 Waste Handling Responsibility

The Radiocactive Waste Management Operations Section of the Opera~
tions Division has responsibility for the operation of the facilities
for the disposal and storage of radioactive waste at Oak Ridge National
Laboratory. This responsibility within the section is aelegated to a
Solid Waste Storage Supervisor and a Solid Waste Storage Foreman. Other
organizations both within and outside the division assist the foreman
in carrying out his duties. All Solid Waste Storage operations are con-
ducted in accordance with formal operating procedures.

The Operations Division, and in particular the Solid Waste Storage
Supervisor and Foreman, have responsibility for providing planning,
organization, and leadership of activities related to storage or disposal

of radiocactive wastes within the SWSA. Operations Division generally is
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not responsible for sorting, packaging, identifying, vperforming radio- .

nuclide assay, or other such descriptive information. Responsibilities

vary depending on the waste category; i.e., ORNL generated, nn-site
generated, or off-site generated wastes (see Section 4.1.2).

ORNL generated waste 1s that waste which is generated by ORNL per-
sonnel within the boundaries of Oak Ridge National Laboratory. The
generating facility is responsible for preparing this type waste for
disposal including necessary sorting, volume reducing, packaging,
Health Physics surveying, identifying, documenting, depositing in -
approved containers, and contacting the Solid Waste Storage (SWS)
Foreman to establish a schedule for transporting the waste from the
collection point to the disposal site.

The Laboratory Protection Division Source and Special Materials
Management Section is responsible for maintaining the official ORNL
inventory records of source and special materials. The generator is
responsible for informing the SSM office of transfers involving this
type material by means of comﬁleting form UCN-2681, Record of SSN

Transactions. No verification of the coanteuts of the waste package is .

made by Operatiouns personnel. Operations personnel will accept, trans-
port (within the X-10 gite), and deposit the waste package after the
necessary reviews, approvals, procedures, and schedules are completed.
The review process may include the Radioactive Operations Committee,
the Environmental Coordinator's Office, or others. Figure 7.4 i1illustrates
the respoansibility for ORNL generated wastes.

On-site generated wastes are wastes generated by other Union
Carbide and DOE facilities within the Oak Ridge area (see Section
4.1.2). The on—site generator is responsible for preparing the waste
for disposal in accordance with approved ORNL and divisional practices
and procedures for waste preparation and packaging. The generator {is
responsible for transporting the package in accordance with a prear-
ranged schedule with the SWS Foreman and in accordance with all appli-
cable Department of Transportation and State of Tennessee, City of Oak
Ridge, and DOE-ORO traffic regulations. The SWS Foreman is responsible
for scheduling the shipment, accepting the shipment, and disposing of
the waste. The SWS Foreman will also initiate measures to recover the '
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Fig. 7.4.

ORNL waste disposal responsibility.




costs of disposal. Nonroutine wastes are handled in a similar manner

except the SWS Supervisor is responsible for obtainiag the necessary
ORNL reviews aad appruvals for receipt of nonroutine wastes. Figure
7.5 {llustrates the respoasibility for on—-site generated wastes. The
pricing schedule for routine disposal is reviewed periodically to
ensure full cost recovery. Nonroutine disposal pricing is handled by
the work order systen.

Off-site wastes are shipments of waste for disposal from genera-
tors outside the Nak Ridge area (see Section 4.1.2). The off-site
generator is responsible for compliance with all applicable DOT and DOE
regulations for shipment of the waste including approval for disposal
of the waste at ORNL from DOE-ORO. The Radicactive Waste Operations
Section coordinates the details of the shipment and the acceptance of
the waste from the generator, including the required ORNL reviews and
approvals. The SWS Supervisor and Foreman will be respoansible for
coordinating the transport and disposal of the material once the car-

rier reaches the ORMNL Resetvécion. Figure 7.6 illustrates the respon-

siblities for disposal of off-site generated waste.

7.2.2 Disposal Practice and Limitations

Waste disposal practices vary somewhat depending on the waste type
such as fissile, transuranic, general radwaste, low—hazard waste, etc.;
but the differences are minor and relate primarily to the disposal
facllity, i.e., trench, auger hole, storage building, etc., and the
waste package. 1In general, all waste is packaged by the originator in
accordance with the requirements of the Health Physics Manual for the
type waste being packaged. At a minimum the waste package must be able
to contain the waste until {t 1s transported to the storage area and
placed ia the disposal facility. For transuranic waste, which are stored
ratrievably, the waste must be in doubly contained packages capable of
maintaliniag integrity over long periods of time. The waste packages are
sealed in some appropriate manner before transport to the storage area.

Generally, packages exhibiting radiation levels in excess of 200 mrem/h
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Fig. 7.6. Off-site waste disposal respomnsibility.
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will require some type of shielding for tramsport. When practical, the
waste ls segregated into combustible and noncombustible. Additionally,
waste ldentified as compactible waste is packaged separately and placed
in special dumpsters for transport to the compaction facility.

When the waste is packaged and appropriately surveyed and tagged,
the generator completes a "Request for Storage or Disposal of Radioac-
tive Solid Waste or Special Materials,” UCN-2822 (Fig. 7.7), which gives
information regarding the waste type, quantity, radiation level, surface
contamination, and location of the waste as disposed of or stored.

Waste containing quantities of fissile material of one gram or more
requires the completion of UCN-2681, "Record of SSN Tramsaction” before
the waste can be transported to the storage area. Table 7.1 gives the
maximum allowable quantities of fissile material for the various types
of waste packaging. No special reviews are required when quantities of
fissile material are maintained within these limits. These limits aré
based on a maximum concentration of 5 g/ft3 or 200 grams/container
regardless of concentration. '

When the necessary documentation and reviews have been completed,
the waste is transported to the appropriate disposal or storage facility
and emplaced there. In the case of auger holes and stainless steel
wells, due consideration must be given to the limitation of 200 grams
fissile material per well. The unique identification number and location
of the wastes is recorded and transferred to the Solid Waste Inventory
Management System computer program.

Waste which is nonroutine due to size, content, radiation level, or
other characteristics is handled as a special case with appropriate
review and approval. Special written procedures are prepared if the
magnitude of the job requires it. 1If the waste or the packaging is found
to be unacceptable in accordance with the established standards, the
waste will be returned to the generator. If the unacceptable waste is
from off~site, the problem is reviewed on an individual basis and appro-
priate action taken. The off-site generator would be notified of any

problems and asked to correct them in the future.
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REQUEST FOR STORAGE OR DISPOSAL OF RADIOACTIVE SOLID WASTE OR SPECIAL MATERIALS

REQUESTER: EXECUTES THIS SECTION SEFORE ARRANGING MATERIAL TRARSFER

ﬂﬂj,ﬁ.o.‘;" o.‘.:..' wESTE oA Ty ME LuPLSYEE MO EmCaE N0 ;:;h.t";-o CHARGE NO.
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10.00THER 1D&OY
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. radiocactive solid waste or special materials.
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' ’ Table 7.1. Maximum operating limits for criticality control
Maximum fissilel Departmental? Disposal
Disposal method content control classification
Trench 1 gram/ft3 1 gram/ft3 Nonretrievable
Unlined well 600 graams 300 grams Nonretrievable
Stainless steel drum 200 grams 100 grams ' Retrievable
55~gallon
Stainless steel drum 100 grams 55 grams ' Retrievable
30-gallon
Concrete cask 100 ft3 800 grams 500 grams Retrievable
Stainless steel lined 800 grams 500 grams Retrievable
wells (all except
Well 21)
Stainless steel 1600 grams 1600 grams Retrievable
Well 21 (spent
fuel magazine)
‘ lrissile, in this context, applies to the isotopes 235y, 233y, 239%p,,
and 24lPu. Other isotopes will require special approval. ’

2Any disposal exceeding this quantity shall require prior approval
from the office of Operational Safety. No disposal shall exceed the maxi-
mum fissile content without formal approval froum the Criticality Committee.
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7.2.3 Volume Reduction Program .

An important aspect of current solid waste disposal operations is
volume reduction. The available space on the ORNL Reservation satisgfy-

ing the requirements for a solid waste storage or disposal area is very

limited. Approximately 8.6 acres of usable space remains in SWSA-6.

Current estimates indicate that 70 percent of this remaining space will
be filled by 1985. 1Investigations are being conducted on a potential

. site for SWSA-7 but, at this time, no decisions have been made.

Early in FY 78, a formal program was initiated to reduce the volume
of waste currently being buried at ORNL. This program has been very
successful and continues to be emphasized. Some of the major actions of
the program included: initiation of charging waste generators for waste
disposal, procedural and operational changes placing emphasis on control
of materials entering contamination zone, segregation of noncontaminated
waste from the contaminated waste and locking of the major collection

receptables (dumpsters), assignment of the key access control for the

dumpsters to the Health Physics Surveyors, separation of low-level radio- .

active waste into a compactible fraction and a noncompactible fractiom,
initiation of a decontamination program, better packaging of waste to
reduce voids and facilitate handling, and opening of a landf1ll for sus-
pect waste (no measurable contamination but judged to be unacceptable
for disposal as noncontaminated waste).

The program has been heavily publicized by a series of posters
identifying the ma jor poincé of the program and stressing the importance
of volume reduction. Figure 7.8 is a typical example of one of these
posters. In addition to the publicity, team audits were made in all
facilities generating solid radiocactive waste to review the impact of
the volume reduction program and to discuss any problems associated
with the program.

The impact of the program can be seen by comparing the volume of
waste buried in trenches and auger holes for FY-78 versus FY-79 (Table
7.2). A significant reduction in buried waste is obvious in FY-79 with
the Volume-Reduction Program in effect.
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RADWASTY Says..

“Nobody
does it better.’

ONLY YOU CAN BEST. ..

B CONTROL MATERIALS
B SEGREGATE WASTES
@ DECONTAMINATE WHEN POSSIBLE

B PACKAGE WITH MINIMUM VOIDS

F'Y'y VOLUME REDUCTION
Pl IS A MUST!

Fig. 7.8. Typical volume-reduction publicity poster.




*338EBM UOTIONIJSUOD

3o ¢33 0g£1°9 Suypniouy !¢ punoip elang jo dnueayd> wo1j a3sem Jo ¢33 0L0‘T SUIPNTIDUT ION,

spoyaad syy3 Sujanp uojjeiado uj aism weaBoid uoyidnpay awnfop Y3 Jo sIseyd Vg

m *¢ punoa9 YeFang jo dnued[d wWoij 3jisem jo ¢33 0£0°21 Surpniouy 10N

~
A AL L1 268%°91 L°99Y ql66°91 U8y asquaizdag-L1nf
IR AA B9 9°¢S1 e€1%6 6992 ; 098°%1 1°0zy aunp-11ady
gy zezol L° 682 986°01 0°11¢ 81212 L°009 yoaep-Laenuer
[E 868°6 7°082 26991 9°TLY 18692 6 2SL 19quada(-12q03IdQ

o ¢33 ¢ ¢33 o
% € ¢ pajang sunjop palanq awnjop Jajaund
uorIonpay 6161 Ad 8161 Ad

6L-Ad SNSI9A g/-Ad °safoy 3a3ne puE SIIUAI] U} PpR)ING dISEA
- we1g014 uojlonpay funjop Jo Ideduy gL d1qEL




7-18

Table 7.3 compares the total volume of beta-gamma contaminated
waste received in FY-79 to that finally buried in land suitable for
trenches and auger holes. This illustrates the reduction ia bhuried
waste due to compaction of the compactible waste before disposal and

the use of the landfill for low—-hazard contaminated waste.

7.3 SAFETY REVIEW SYSTEM

As discussed previously (see Section 7.1) the Radinactive Opera-
tions Committee and the Criticality Committee have responsibility for
safety review and approval of Solid Waste Disposal operations. The
Radioactive Operations Committee conducts periodic reviaws of the oper-
ation and makes approval and recommendations oan special situations which
are brought to their attention by SWSA management. The Criticality
Committee has reviewed the normal operation and established routine
operating limits (Table 7.1). 1In addition to this, any operations
which are abnormal or which exceed the specified limits are brought to
the attention of the committee for resolution (form UCN-5917, “Request
for Nuclear Safety Review”).

All solid waste operations are under the review of the ORNL Office
of Operational Safety and the Division Safety and Radiati{on Control
Officer. Safety reviews of all divisional operations are conducted
periodically by division management and other designated individuals.

~ Quality Assurance procedures are established and inspections are
conducted by both division and Laboratory Quality Assurance personnel.
The ORNL Environmental Coordinator's Office monitors effluents from

operations and advises on pollution and effluent control and regulations.

Nonradioactive hazardous material problems fall under the direction and
guidance of the ORNL Industrial Hygiene Section.
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7.4 PERSONNEL TRAINING

Organized training programs are conducted for all personnel
involved in solid waste storage and disposal operations including SWSA
supervisors, foremen, chemical operators, truck drivers, laborers, and
riggers. )

Supervisory personnel are trained in all aspects of radiation
safety and control and radiocactive solid waste disposal operatioms.

This training includes familiarization with radiation/contamination
hazards and proper safety procedures, operation of portable radiation
survey equipment, familiarity with decontamination methods, and famil-
iarity with all types of documentation and safety limits. On the job
training is utilized along with instructional materials such as the
Radioactive Solid Waste Operations Manual, the ORNL Health Physics
Procedure Manual, the ORNL Safety Manual, the ORNL Emergency Manual, and
the SWSA Safety Analysis Report and Operational Safety Requirements.

Candidates for SWSA supervisor and SWSA foremen will possess col-
lege degrees and high school diplomas or equivalent, respectively, with
satisfactory achievement in technical courses. Appropriate experience
may be utilized interchangeably with education. Selection will include
personal {nterviews, careful review of the candidate's employment history,
and may include appropriate physical and aptitude tests.

Chemical operators must possess a high school diploma or equivalent
experience and must be familiar with radiation safety and control and
operational methods and procedures. Personnel such as power equipment
operators, laborers, etc., are Plant and Equipment Division personnel,
which are qualified for the special work they perform through the craft
qualification system. Appropriate training is given in radiation con-
trol and safety.

Training of SWSA personnel is documented with the records main-
tained in the permanent files. Check=-off sheets and oral reviews are

utilized to ensure adequate completion of training. A formal program

for retraining is not necessary. SWSA personnel must remain constantly




7-21

familiar with all aspects of operating practice and procedure to effec- .
tively accomplish their job. Coples of the Operating Procedures, Health
Physics Procedure Manual, OSRs, etc. are made available to persoannel for
reference as necessary. When changes in operation occur, SWSA manage-

ment reviews the operating procedures and makes changes as required.

All SWSA personnel are made aware of these changes as they occur.

7.5 CONFIGURATION CONTROL

Configuration control is maintained through adherence to operating
procedures. Any deviation from normal operating procedures or limits
requires special approval from knowledgeable groups such as the Radio-
active Operations Committee, Criticality Committee, safety personnel,
and Division management. All operations in the storage and disposal
areas involving fissile material are covered by a "Request for Nuclear
Safety Review.” One such blanket authorization is maintained for nor-
mal operations covered by approved operating procedures with additional
authorizations issued as needed for special occurrences. Operating pro- ‘
cedures are reviewed and revised as necessary to accommodate changes in
operating practice. Appropriate Quality Assurance reviews ensure that
procedures are kept up to date with actual practice.

The Operations Division Procedure Manual outlines the appropriate
method of handling design changes of operating facilities. This proce-
dure requires that all design changes which require a modification of
as-built drawings of a system or facility or is judged to represent a
significant change to the facility or process shall be made through the
use of a "Mechanical Design Change Memo"” or an “"Instrumentation and Con-
trols Design Change Memo.” The form identifies the required change, any
drawing revisions or new drawings, and any required committee reviews.
The purpose of the form is to ensure that a design review is held and
that the review is properly documented. When all changes have been

properly coampleted, the change memo is signed by the facility supervisor
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or his designee to verify completion. If a change involves an unreviewed
safety question or a change in operating safety requirements, a safety
agsessment shall also be prepared to accompany the change memo. Figure
7.9 illustrates the Mechanical Design Change Memo.

ORNL Engineering is responsible for maintaining current as-built
drawings of trench and auger hole locations within the storage areas.
Environmental Sciences Division routinely monitors to detect radionuclide
movement within and away from the storage areas. Their results, conclu-

sions, and recommendations are reported independent of Operations manage-~

ment.

7.6 TESTING PROGRAM

Continuous testing is conducted of Solid Waste Storage operations
and facilities to ensure their continued safe operation. Ground water

samples and surface stream samples are taken at specified frequencies
and analyzed to evaluate storage area effectiveness. Sumps are provided
in storage facilities to allow sampling of any water leakage in the
facilities for contamination. Visual inspections are conducted as neces-
sary to ensure integrity of the waste packaging.

Testing of the compactor filtration system as well as testing of

various lifting and transporting components are done in accordance with
standard Laboratory practice.

7.7 EMERGENCY PLANNING

Emergency response in the SWSAs is in accordance with standard ORNL
emergency plans and philosophy as described in the ORNL Emergency Manual.
As defined in the plan, the person discovering the emergency takes immedi-
ate and appropriate action to protect personnel, prevent property damage,
and bring the emergency under control. The individual would summon help
by calling the ORNL Emergency Control Center phone number and reporting
the nature of the emergency or by pulling the nearest fire alarm box

and/or by notifying the local Emergency Supervisor. The individual would
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take measures to combat the emergency if this can safely be done and
would meet and orient the emergency service units as they arrive. The
action of the Emergency Control Center after notification is detailed in
the ORNL Emergency Plan.

The local Emergency Supervisor for the SWSAs is the SWSA Foreman on
duty. The Laboratory Emergency Director, the Laboratory Shift Supervisor

on duty, is the overall coordinator for the operation.

.
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APPENDIX A - ACCIDENT ANALYSIS CALCULATIONS

Uncertainties in waste composition, the many varied types of wastye,
variations in activity levels, etc., make it impractical and sometimes
impossible to provide detailed quantitative safety evaluations of SWSA
operations. In order to provide some quantitative basis to the evalu-
ations of this safety analysis, a limiting case accident was chosen.

This accident, similar in concept to a “maximum credible” or "design
basis™ accident, was chosen on the basis of its potential for occurrence
as well as the severity of its consequences. This accident situatisn was
identified in Table 5.3 of Section 5.7 as presenting the graatest overall
risk of all identified accidents. All other accident situations discussed
in this safety analysis either present little potential for occurrence or
have consequences potentially less hazardous than the limiting case.

The accident chosen for analysis is that of a trench fire In a com-
pletely full, but not yet backfilled, nontransuranic waste trench. The
fire is assumed to burn until all combustible material in the trench has
been consumed and all activity in the waste 1Is assumed to be entrained
as particulate matter in the hot effluent from the fire.

»
Assumptions regarding the trench and its contents

The trench is assumed to be similar in design to that of Fig. 4.30
(ORNL Dwg. 74-8370R) with a length of 15.2 m (50 ft), a width of 3 m
(10 ft), and a depth of 3.7 m (12 ft). Allowing for a minimumn 1 m (3 ft)
of backfill above the waste, the total volume of waste would then be 127
w3 (4500 £e3).

A recent report by NUS Corporation for the Low-level Waste Pilot
facility provides information on the average composition and activity
level of the trench waste.2 Type I waste is defined in the NUS report
as waste having a surface contact dose rate of less than or equal to
200 mrem/h. Type II waste is all waste above 200 mrem/h. The waste in

this accident analysis is assumed to have the following composition.




A=2

Type Combustibility
807% Type I waste 50% combustible i
207% Type 11 waste 50Z combustible

The combustible fraction of the waste {3 assumed to have the follow-

ing composition.

Paper and cloth 712
Plastie 237
Rubber 5%
Wood 1%

The total heat coatent of the combustidblza fraction of the waste {is
assumed to be 1.6 x 108 BTU. The total activity coatenl nf the waste {a

the trench is assumed to be 5,000 curies.

Meteorological Assumptions

Atmospheric dispersion calculations shall be base:d oan the annual
average wind speed of 2 m/s. Stability Class D, neutral zonditions, and
stability Class G, J;ry stable conditions, are assumed {ar purpose of
the analysis. Class D is valid during a larger portlnor of the yanr than
any other class (28%) and thus represents the most prabdabla case. Tlass

G is generally accepted to provide the most consarvative analysis.

Isotopic Content

A detailed analysis of the isotopic conteat nf the waste is provided
in the NUS report. 1In order to siaplify the calculatioas, a minimun nun-
ber of different isotopes will be conslderad {n the analysis.. Analysis
of the NUS data indicates that the following composition 1s represeanta-

tive of the {sotopic coanteat of the treach waste:

25% 1374
90Sr




Theory

The basic equation used to estimate dispersion in an airborne plume

downwind from a source is the standard Gaussian plume equation. With the

receptor at ground level, the equation is as follows:

2 2
X o1 Y 4 LHS -
Q Tooua °F [ (20 z% 262
Yy z y z

X = Concentration of the plume x meters downwind from the point of
release, curies/m3;

where

L
[

Uniform emission rate from the stack, curies/s;
0. = Horizontal dispersion coefficient, m;

= Vertical dispersion coefficient, m;

Mean wind speed, m/s;

= Cross wind distance, m; and

o BN <
L]

>

= Plume rise, m.

The analysis will utilize the maximum downwind concentration which

occurs at the plume horizontal centerline and thus the cross wind dis-
tance, Y, is zero.

The dispersion coefficients, cy and 0,, have been approximated by
Briggs“ for stability Class D to be:

oy = 0.08x(1 + 0.0001x)~1/2

and
o, = 0.06x(1 + 0.0015x)"/2

where Oy and o, are in meters and x is the downwind distance in meters.
Similarly, the dispersion coefficients for stability Class F are

o, = 0.04x(1 + 0.001x)"1/2
and

¢, = 0.016x(1 + 0.003x)"1/2




. with the conversion to stability Class G given by NRC Reg Guide 1.1458 as

oy(G) = 2/3 oy(F)
and
0,(G) = 3/5 a,(F).

Methods of calculating the plume rise are provided by Briggs.5
Buoyant plumes basically follow the “2/3 law™ which is

H = 1.6 F1/35"1 «x2/3

e 1.3
where F = 3.7 x 1075 B/s” Qy, Buoyancy Flux Parameter
cal/s

and Q, = Heat emission in plume, cal/s or equivalent
i = Average wind speed, m/s
x = Horizontal distance downwind, m.
The above equation is assumed to be valid up to a downwind distance of

X = 3x*

at which point the rise becomes final.
The quantity x* must be approximated by the equation

6/5 a
x* = 0.52 S—— p2/5%, 3/5
eo/® s ’

where hs is the estimated plume height.
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Computations and Results

Assuming the fire burns for a period of 30 min with a constant heat

emission and activity release during the 30 min yields

Qg = 2.2 x 107 calls

and
Q = 2.8 curies/s.

On this bagis, downwind plume concentrations, X, as a function of dis-
tance may be calculated. These concentrations converted to internal
and external dose rates are shown graphically in Figs. A.1l through A.4.

The downwind plume concentration is highly dependent on the maximum
plume rise which cannot be accurately predicted with the computational
methods outlined herein. A study of Reference 5 indicates that 300 m
plume rise may be reasonable to expect. This is based on actual plume
rise data from the TVA Paradise Steam Plant which has an equivalent heat
output. However, the plume is being emitted from a stack; and the wind
speed during the measurements was considerably higher than assumed for
the trench fire. Thus, the bounding cases of 200 m and 400 m plume rise
were chosen for this analysis.

The internal dose estimates are based on a 50-year dose commitament
from the inhaled activity during a 2 h constant exposure assuming that
one percent of the airborne activity in the plume is respirable (Refer-
ence 1). The external dose is based on a 2 h immersion in a plume of
constant concentration.

It should be noted that the calculations in this appendix are hand
calculated estimates and should not be assumed to have the accuracy of
modern computer models. However, the many assumptions necessary {n

defining the accident scenario preclude the necessity of such calcu-
lations.
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Figures A.l1 and A.2 show the individual internal and external dose
contributions for 200 m and 400 m plume rise for both stability condi-
tions Class D (Fig. A.l) and stability conditions Class G (Fig. A.2).
Figure A.3 i{llustrates, for comparison purposes, the total (internal
and external) downwind dose for stability conditions Class D and G as a
function of plume rise. —

Figure A.4 was prépared as an estimate of the exposure to workers
in the near vicinity of the fire. This calculation assumes a plume rise
of only 25 m which, although unrealistic, does provide an estimate of
the upper limit exposure for unprotected persoanel near the trench. The
same assumptions were utilized as for the previous calculations.

The results indicate that the consequences of a trench fire, even
1f uncontrolled, are not a major health and safety concern. The maximum
total internal and external doses to unprotected personnel in the vicin-
ity of the accident would be only slightly over 1.0 rem. The maximun

total offsite dose downwind frou the accident would be of less than 19

mreme.
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